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TH E nature pf the luminous objefts that are 
fcen in the heavens^ and of which the 
'xnoon is the ncarcft to us ; their number, their dif- 
tances, their movements, with the appearances 
which iwifc therefrom, and the ufefui purpofts to 
which the human fpecies has applied the know- 
ledge of thpfe particulars, form the fcience of 
ofirmomy. 

To the vulgar eye the heavenly bodies offer an 
vinprofitable, confufed, but pleafing, fpeftacle. The 
lead obfervation Ihews that the feafons, the lengths 
of days and nights, the viciffitudes of heat and cold, 
^c. are connefted with particular fituations t)f the 
celeftial bodies. Farther obfervations point out the 
entire dependance of the former upon the ktter, as 
vql. IV. B alio 



a AJironotny* 

alfo tKe periodigal returns of the fame circtiin 
ftances. 

The periods of the moft remarkable phenomen; 
. have been afcertained from time immemorial; anc 
'ivhen we confider the accuracy of certain obferva 
tions^ the fcarcity of opportunities, and the want o 
the telefcopc as well as of other inftruments, we an 
forced to acknowledge and to applaud the ingeiiuir 
of our forefathers. 

Every age has added fomething to the ftock o 
aftronomical knowledge; but, fince the fixteentl 
century, the advancement has beeYi much more ra 
pid than the fimple proportion of the times; an( 
we may with latisfa(ftiofl,boaft of the aftronomica 
difcoveries which have been made within the la( 
30 years. 

The prefent knowledge of this moft noble fcienc 
c;in aflign a proper rcafon for almoft every ptrticu 
kr phenomenon ; it fubjeds them to ftrift, t6 un 
anfwerable, calculation ; and deducesreflentia;! bene 
fits from the rcfults. 

The vulgar,' whofe minds fcldom conneft mon 
than two ideas, may. laugh at the employment 
examining with unwearied toil, what is fo far re 
moved from tJs ; and they may wonder that aftro 
nomers ihould be fo aaxious to afcertain not onl] 
the day or the hour, but even the very momep 
when a certain celeftial appearance is to take place 
or when a ftar, .which is hardly vifible, will com< 
within a certain diftance of the fun, or of the moon 
5 . Bu 
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But whoever endeavours to trace the influence, 
iirhcther immediate or remote, of thdfc peculiar ac- 
curacies upon fcience in general, and upon the va- 
rious humaii affairs; whoever confiders that they 
afford the means, and the only accurate meanfi^ by 
Hehich the mariner can navigate the oceaAs, and can 
find bts exad fituation at iea ; which zSotd the 
accurate meafuremcnt of time j by which the real 
diftances of places ^upon the furface of the earth can 
be determined 5 which furnifti ftandards of weights 
and meafures, &C. whoever, I fty, confiders this 
various and extenfive influence, will undoubtedly 
find abundant reafons for admiring and for encou- 
raging the utmoft diligence and the moft fcrupdlous 
accuracy in the ftudy of afl:ronomy. 

Were the motions of the celefl:ial objedls uniform 
and regular, the calculation of their afpcfts would 
be accompliflied with facility. But the apparent 
irregularities of thofe objefts, render the invefliiga- 
rion of their movements, and the calculations for 
their appearances, extremely intricate; nor could 
the fcience have attained the prefent much im- 
proved ftate, had it not been aflifl:ed by all the 
fublimefl. branches of mathematics, and by the ad- 
mirable mechanical improvements of later timei 5 
fiich as time-keepers, telefcopes, quadrants, and 
other inftrumcnts. 

Before we enter into the particular ftatement of 
ihe number, the order, the motions, and the 

B 2 mutual 
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mutual dependence of the celeftial objeds ; as alfc 
before we endeavour to determine their real from 
their apparent motions and fituations, it will be ne- 
ceflary to ftate certain principles, which, though 
obvioufly true, will hbwever much afEfl. the be- 
ginner in the comprehenfion of the fcience, as alfc 
will render the fubfequent chapters more perfpicu- 
pus and concife. 
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PRELIMINARY PRIBTCIPLES. 



IT has been (hewn in the principles of optics, 
(vol. III.) that our fight judges of the diftances 
of objefts of unknown fizes and fhapes, only by the 
converging of the optical axis, and by the parts of 
thofe objefts appearing more or Icfs diftin6t -, but 
when the objeft is beyo;id a certain limit, which 
hardly exceeds a few miles, the inclination of the 
optical axis of our eyes becomes unalterable, and 
diftinft vifion becomes doubtful. Therefore thofe 
objefts which are at imrtienfe diftances from us, as 
the celeftial bodies, appear as if they werfc fituated 
on the internal fgrface of an hollow fphere, and wc 
might eafily be led to believe that they are equ^Uy^ 
diftant from us, had we not pther moft concluGvc 
proofs of their being varioufly removed from us, as 
well as from each other, j 

It is almoft ufelefs to obferve that the angular dif- 
tances of objeds are quite different from their linear 
or true diftances. The angular diftance relates to a 
particular point as a centre, and is nieafured by the 
ire of a C^ircle which has that point for centre* 

JJJ Thus, 
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Thus, to a fpeftator at A, fig. i. Plate XXV L 
the angular diftancc of the two objefts, B and C, is 
mcafured by the arc FG/ of the circle HFG, whofe 
centre h A j and it is imnnatcrial whether this circle 
be large or fmall i for the arc which is intercepted 
by the lines A B, A C, (whofe inclination B AC is 
the angular diflance between the objcfts B and C) 
bears always the fame proportion to the whole cir- 
cle of which it is ^ part j viz. FG is fuch a part 
pf the circle HFG, ^^fg is'fif the circle bfg. 

The arc EG may happen to be atenth or a thirtieth, 
or, in fhort, any other p^rt of the whole circle j but 
for the convenicncy crf'expreffini; this part, the whole 
circle is divided, or is fOppofed to be divided, into 360 
equal parts called degrees^ each degree is fubdivided 
into 60 equal parts called mimtesy each minute is 
divided into 60 equal parts called jft^<?»^i 5 each fe- 
cond is likewife divided into 6,0 equal parts called 
thirds^ and fo on s biit divifions, ftnaller than a fe- 
cond, are more commonly expreffed in decimals of 
a fccohd J then if the arc FG be the tenth part of 
the circle, ii is faid to be equal to 3$ degrees \ be- 
c^ufe ^^ is the tenth part pf 360 ; if it be thq 
jcth part of the circle, it is faid to be equal to 12 
degrees, becaufe \% is the ^oth part of 360 j and fq 
forth. . 

» 

Irfftcad of the word degrees ^ a fmall * is more 
tiommfcihly placed dn the right hand fide of the 
pumber, and a little above it | inftead of the wor^ 
t^lmuis a little ftroke is nqfore qommpuly anfiexed to 

• ■ th? 
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the number ; and two fuch ftrokes denote feconds, 
&c. : thus,, the expreflion 24% 13', 22'',5, means 24 
degrees, 13 minutes, ai feconds, and half a fccond, 
or 5-tenths of ^" fecond. 

It is evident that in fig. i, to a fpeftator at A, the 
objefts B and C ; or D and C, or D and E, or B 
and E, have cxaSly the fame angular diftance, 
though their redl diftances from each other are fo 
evidently various. Hence it follows, that the move- 
ments of a diftant body cannot be known, except by 
the change of the angular diftance between that and 
fome other body which is either fixed or moving in 
a determinate way. When a body nToves in a ftraight 
line, either "^direftly towards us or from us, wejudg^ 
of its approaching to, or of its receding from, us^ by 
the apparent enlargement or contraftion of its di- 
menfions J as k fliewn by the plaincft propofitions 
of trigonometry j and from the meafurements of 
thofe' dimenfions, and one or two more data, we can 
frequently determine the real fize of the body.—r 
That the fame body in motion will appear to move 
either regularly or irregularly, or even to ftand 
ftill, according to the different fituations of the 
fpedtator, will be illuftrated by the following c:;- 
miple : 

Let a body A, fig, 2, Plate XXVI. move re- 
gularly along the circumference of the circle ABCD, 
vij,. fuppofe it to defcribe equal arcs in equal times j 
then it is clear that to a ipedt^tor fituated at E, 
which is the centre of the circle, the body A will 

» 4 ' ^I^P 
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appear to move equably and regularly one way j but 
if the fpeftator be fituatcd at any other point within 
the circle, as for inftance at H, then the fame body ' 

• • • ' . 

A, will appear to move at diflFcrent rates, according 
as it comes nearer to, or goes* farther from, thq ob- 
fcryer J for, fuppdfe the arc? AF, GC, tp be equal, 
and of courfe to be defcribed in equal times; then 
the angle AHF, being fm.aller than the angle 
GHC, the revolving body will appear to move 
flower from A to F, than from C to G. Yet \t 
mull be obfcrvcd that the body A will always appear 
to move one way, and not tq go back or to (land ftjU 
during any quantity of time j ^s is the cafe when the 
fpeftator himfelf is in motion, or when he is fituatr 
ed out of the circle, but in the famc*plane. Let^, 
fcr inftance, a body move equably along the cir^ 
pumference of the circle A B D E P, fig. 3, Plate 
XXVI. J viz. to defcribe the equal arcs AB, B D, 
D E, E F, &c. in equal times j and fuppofe the 
fpeftator to be fituated at O in the fame plane in 
which the circle is, but out of its circumference; 
then when the body move§ from A to Bi its appa- 
rent motion is meafured by the angle A O B, or by 
the arc H L, which it will appear to de(cribe. In 
an equal portion of time the body defcribes the arc 
B D. (equal to A B), and this apparent motion is 
meafured by the angle B Q D, or by the arc LM, 
which is fmaller than thp arc HLj and of courfe 
the body will appear to (laye flacked its motion.-— 
In another equal ^portion pf time the body goes 

bojxy 
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from P to £ 5 but ^s this arc DE, nearly coincides 
with the line D M O, the body will appear to be 
almoft ftationary during that time. It then pro-» 
cceds from E to F, in another equal portion of 
time, but now the body will appear td go back from 
M to 1 5 viz. to be retrograde^ and this retrograde 
motion will continue until the body reaches the arc 
QJ^, where it will again appear to be almoft fta- 
tionary ; then it will appear to go again from ,thc 
left towards the right, &c. 

This optical inequality (as the aftronorters call it), 
muft evidently bb various, according as the lpefta7 
tor is fituated near to or farther from the circular 
path ; hence thofe, who are fufficiendy (killed in the 
mathematics, may from the obfervations of thofe 
unequal movements, often determine the diffance 
of fuch a moving body from the place of obferva- 
tion ; and from the appearance of its motions, as 
feen from a certain place, they may determine what 
appearance its motions muft have from ibme other 
given place. 

If, inftead of being in the fame plane, the fpeda- 
tor be fituated above the plane of the circular path, 
the motion of the body mud like wife appear un^ 
equal j excepting however when the fpeftator is in 
fome point of the ftraight line which pailes through 
the centre, C, of the circle, and is perpendicular to 
its plane. , 

If^ inftead of moving in a circular, the body 
fnoved in an elliptical, orbit; finiilar apparent ine* 

qualities 
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qualities muft evidently take place. Hitherto the 
j^dlator has been fuppofed to remain infimoveable, 
cither within or without the circular path of the 
moving body. But when the place of the obferver 
is itfelf alfo in motion/then the appearances will be 
very different, ^ may be eafily conceived by re-, 
flefting on the apparent motion of E^ies to perfons 
lon a failing (hip; or as it may be deduced from what 
^as been faid with rcfped to relative motion in the 
firft volume of thefe Elements. — In this cafe not 
only the regularly nooving body may i|>pear to 
move irregularly, but quick motions .may appear 

I 

flaw, and flow motions may appear quick ; bodies 
at reft may appear to litiove, and moving bodies 
may appear to be at reft j or their movements 
may appear to be quite contrary to what they really 

arc 

'Before we conclude this chapter, and before we 
begin to examine what belongs to the celcftial ob- 
jefts, it will be neceffary to remove fome erroneous 
ideas, which are pretty commonly entertained by un-* 
laftrufted perfons concerning the earth which we 
inhabit. 

The fliortnefs of our fight enables us to behold 
but a very fmall portion of the furface of the earth 
^t one time, and that portion appears to be an im- 
menfe plain with fome accidental elevations, called 
mountains, hills, &c. and fome depreflfions moftly 
^lled with water, fuch as ieas> lakes, &g. 

A variety of cafy but conftaat obfcrvatioijs prove 

beyond^ 
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beyond a doubt, that what, at firft fight, appears to 
be a vaft flat, or plain, is, in truth, a convex furr 
face ; and upon a ftriftcr inquiry, it appears to be the 
furface of an oblate fpheroid,. viz. of a globe a little 
comprefled^ on two oppofite fides* — Some of the 
obfervatipns which prove the r^lily of this figure, 
are hereto briefly fubjoined. Others of a Jiiccr 
liature will be found in other chapters of this part. 

It is conftantly^obferved by all mariners, that as 
they fail, from any high objefts, fuch as mountains, - 
rwrks, ftdfcples of churches, &c, they firft begin to 
lofe fight of the lower parts of thofe objefts, and 
thtn gradually lofe fight of their higliter parts. Alio 
perfons bn the Oiorc iirft difcover the upper parts of 
t}ie mafl:s of approaching veffels, and tlven by de- 
grees fee the lower parts in proportion las the vcflil 
comes nearer to the (hore. In the fame manner, 
when failors approach a country, they firft difcover 
the higheft parts of that country from the tops of 
fhe mafts, and then fee the loweft parts, or fee the 
iame parts from the deck of the (hip. 

In all thofe cafes, the obftruftion td the fight 
arifes from the intervening curvature of the earth ; 
and in this felpeft no affiftance can be derived from ' 
the ufe of the telcfcopc ; for the telefcope will only 
enable the obferyer to fee more diftinftly that part 
of the objeft which ii? iiot behind the- convexity of 
the earth. Thus in fig. 4, Plate XXVI. the loweft 
part of the objeA A cannot be feen by the vefifel at 
P^ on account of the intervening curvature of the 

earth. 
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earth T. The ycffel E will be able to fee a fmallcr 
part of the fame objeft A, bccaufe a greater quan-^ 
tity of curvature is between that objeft and the 
vcflcl E. When the Yeflcl fails farther off, as at F, 
the objcft A difappears entirely. 

So far the obfervations prove that the furface of 
the earth is convex 5 but that this curvature returns 
into itfelf, viz. is continued all round without any 
interruption; is proved by this; nannely, that various 
navigators have failed all round the earth, and at laft 
have returned to the very fame place / from which 
they originally failed. They have not indeed failed 
in an exaft circle, \for that is prevented by the fitu-? 
dtion of the lands; but by going in and out accord-^ 
ing as the coafts happened to lie, they have kept on 
the fame courfe upon the whoie, and have arrived to 
the fame place from another fide. 

Thofe who level grounds for the purpofe of form* 
ing canals, 8?c. foon perceivf that the real level is 
not a ftraight line, but a curve, whofe centre is 
the fame as the centre of the earth. The furfacQ 
of water, which is level, follows the fame cqrva-r 

ture. 

Were the earth a perfe6t fphere, the curvature 
would be the fame in every part of its furface 5 but 
the moft accurate obfervations and tneafurements 
which have been made with the niccft inftruments, 
fhew that this curvature differs a little in different 
parts, and from thofe differences, according to the 
latcft meafurennicnts, it has been calculated, ift, that 

the 
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the realiigiirc » not much different from that of a 
fpheroid generated by the motion of a fcmi-ellipfis, . 
about its minor axis j adly, that its axis or (hortcft . 
diameter, viz. a line fuppofed to be drawn through 
its centre^ from, one of its flatteft parts to the other, 
is nearly equal to 7^93,5 Englifh miles, and its 
longed: diameter, viz* a Kne drawn through the 
centre from one moft protuberant part of its fyrface 
to the other, is equal to 7928 Englifli miles. The 
whlblc circumference is equal to 24^55,43 Englifli 
mUcs *. Since the figure of the earth differs fo little 
from a fpherc, therefore, for the purpofes of aftro- 
nomy, the earth is confidered as a perfef): Iphere. 

When we fpcak of the furface of the earth, 
we take no notice of mountains, hills, feas, &c. 
but we confider the whole as an uniform furface ; for, 
in fadt, . the mountains . and other elevations are , 
to the furface of the earth, no more than grains of 
iand are to the furface of a globe of 8 or 10 feet in 
diametCFc When the diftance of the furface of the 
earth from its centre is mentioned in general, it if 
always meant of the furface near the level of the fea. 
All places above that level, viz, more diiftant from 



• The French, according to their lattft determination of 
their meafures, fuppofe this whole circumference to be di- 
vided into 40 millions of parts, which they call metres. From 
the moft accurate admeafurcments, it appears, that, at the 
temperature of 62** Fahrenheit's Thermometer, the French 
ftandard metre is- equal to 39^371 Englifh inches. 

the 
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the centre^ are called eUvaiions -, below that levels are 
called deprejjiens. 

^The forface of the terraqueous globe is irr^u-» 
larly (potted with lands and water. The greater 
part (viz. almoft three quarters) of its furfacc is 
occupied by the* latter. The ihape and extent of 
thofe fpots are ufually delineated upon a globe, 
which of courfe reprefents the earth, and is called 
the terrefirial globe *. 

When the furface of the terreftrial globe with the 
fhape of the lands, the coafts, &c. is delineated^ 
rither entirely or in . part^ upon a flat furface j fuch 
a delineation is called a map or chart. A complete 
fct of fuch maps, has been called a terreftrud atlas* 

The navigators of all fcas and of all times j th« 
travellers, and the inhabitants of all countries, fee 
the fame expanfe of heaven over their heads, the 
fame fun, moon, &c. which proves that the terra^ 
ijueous globe is not attached to any other body, 
but chat it exifts by it&lf perfeftly infulated in the 
unfathomable expanfe of the Univerfe. 



* Dr. Long endeavoured to determine what proportion 

the land bears to the fea by the followtng ingenious method. 

He took the flips of paper which are made for covering the 

furface of a terreftrial globe, and, by means of a pair of 

fcifiars; he feparated that part which reprefents the land from 

that which reprefents the fea. .He then weighed thofe ' two 

parcels of paper feparately, and found that the papers which 

reprefcnted the land weighed 124 grains i the others weigh* 

ed 349 grains^ See his Aftrcnomy, page i68. 

It 
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It is a confequcnce of this uncontrovertible 
theory, that all the inhabitants of the earth, being 
dircfted with their feet towards the centre of it, 
muft be varioufly inclined to one another, like the 
fpokes of a wheel ; and the inhabitants of thofe 
, countries, which ' are diametrically oppofite^ muft 
have their feet directly oppofite. Such people 
are called antipodes rcfpeciively, viz. thofe of one 
country arc the antipodes of thglc of the other 
.country. 

Hence alfo it appears, that, with refpeft to the 
Univerfe, there is no real up or down j for what i& 
upper or over the^ head of one pcrfon, is pofitcd 
otherwife with refpedt to another perfon. But in 
relation to the globe we inhabit, the words up or 
down, above or below, , n:>ean the fituations nearer 
vby or farther from the centre of the earth, than we, 
or than other given objefts, are. 

It is the general attradion of the matter of 
the whole terraqueous globe (as has been already 
explained *) that keeps us, and every particle 
of matter, tending towards the centre of it.— • 
We (hall prefently fee that this fame power afts 
univerfallf throughout, at leaft, the folar fyftem;, 
and that every phenomenon of aftronomy, as far as 
can be traced, is regulated t>y the laws of motion, 
and by thofe of univerfai attraftion. 



• Sec Chap. V. of the firft pirt of t lefe Elements. 
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^ CHAP, it 



OF Tkt APPARENT SYSTE»I OF THE WORLD, AND 
' THE DEFINITION OF THE TERMS PRINCIPALLY 
' l/SED IN ASTROI^OMX^. 



THE incomparably fgperipr fplen^or of chc. 
fun in the day tinie, renders all tbci other ce-; 
leftial bodies inyifible to our naked eyes^ excepting' 
the moon, which fometimes may be barely diftin- 
guiflicd; and two or three much fmaller bodies, 
which in fome favourable circumftances may be juft 
difcerned, whilft the fun is vifible yet *. 



* In the day time, the refradion and reflexion of the fun's . 
light from the atmofphere renders the ftars invifible to us even 
when ye turn our backs to the fun ; but if we look at the hea- 
vens through a very long tube in the day time, the abovemen* 
tioned refie£led light will not penetrate a great way within the 
cavity of the tube ; and therefore the ftars may be perceived 
through it* A tube fufficiently long to anfwer this purpofe 
is difficultly conftruSed and managed i but deep pits, and 
deep wells, are in fa£^ long tubes ; hence, from the bottoms 
of thofe places the fta{s may be feen in the day time.-— A 
' good telefcope will alfo {hew tho ftars in the day time. 
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At night> viz. during the abfence of the fun, the 
hioon ^equently affords rhore light than all the 
other celeftial objefts* The other numerous bright 
bodies, which we perceive befides the^oon, are iti 
general called ftarsk They ap[^ar to differ much in 
magnitude, but they feem to be vaftly fnutUer than 
the moon. Eight of fhem are called j^/^r/i ; the 
^eft are czHtd Jh^d Jfarsj for reafons wluch will be 
mentioned prefenriy. The eomet^ arc luminous bo* 
dies, which are (een not very frequendj^, nor at cer- 
tain or determinable times. 

Thefe, in (Hort, are dl the objefts which i^e ptr^ 
ceive in the heavens ; the afpeds and the motiona 
of thoic objeds form the whole fubjed): of agro- 
nomy* And here we may obferve, once for all/ 
that the circles, the curves, the lines, axes, poles^ 
points^ and the figurc;$ of the conllellationSi of 
which frequent mention is made in aftronomy, are 
not vifible things $ but they only exift in otir iitia^ 
ginadon^ and they hdve been adopted^ and are ufedj 
for the neceflaty. purpofe of communicating our 
ideas to other perfonf, or for cxprefling mcaiureSf 
fituatioos, motions, &c. . 

. When an obfervcr is fituated on a large exfien^cd 
plane, or id an open fca, he will find his Aghi: cir^ 
Gumfcribed by a great circle, which divides the vUk* 
ble part of the heavens from that which is^ hid in 
confequence of the c^adty of the eatth ; or wherf 
the Girface of the globe wt inhabit feems to fxiQtt 
die hnvcos. That cirde is MUed the /efffiik Jbor 

c 2 rizon. 
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rizon. The rational borizm is a circle in the heavens^ 
fuppofed to be for/ned by the interfedion of a pkne^ 
which palTes through the centre of the earthy and W 
parallel to the fenfible horizon. The planes of 
thofc two horizons are diftant from eac;h other by 
tbe femidiameter of the earth ; but with refpedfc to 
the ht:avens, they may be fefely fuppofed to coin- 
cide; for the diftance of the fixed ibrs from us is 
fo immenfcjihat the difimeter of the earth is a mere 
nothir^ with refpeft to it. ; Hence the horizon di- 
vides the heavens into twq equal parts j viz. the vi- 
fible, which is above it^ fi-pm the iavifible, which is 
below it. 

With refped to the earth ; viz. if by the horizon 
we mean the boundary of that part of the earth's 
furface which b feen by the fpedtator, then it is evi- 
dent that the horizon is mqre extended in propor- 
tion a& the fituation of the obferver is^ more ele- 
vated ; for inftancc, if the obferver be fituated clofe 
tothefurface of the earth, GDEF, fig. 5, Plate 
XXVI. as at tf, he will fee a very fmall portion 
of its furface ; becaufe the i^ifual line is a tangent, 
(or neaVly a tangent) to the furface of the earth at 
that point 2— if he be fituated at ^, then the vifual 
line i^£. will touch the earth at £, and of courie 
the horizon will be the circle, which is denoted by 
the line DE.— If the fpeftator be fituated at r, his 
iiorizon will be GF ; and if the fpeftator Aood at 
jui imtnenfe- diftance, then his horizon would be 
equil^to the tircvoifcrcncc of the earth.; viz. to 
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O I ; fo that he would fee the half of its fur- 
face*. 

It is evidentj that every fpedator has a di^erent 
horizon; therefore, ftriftly fpeaking, the half of the 
heavens which is feen by any one fpedator, is not 
precifely the fame half that is feen by another ipec<^ 
tator at the fame time. * 

f 

To us Europeans the fun, the moon» thepJ^-^ 
nets, and moft of the rfars^ appear to go continually 
round the earthy and to perform each revolution \ti 
about 24 4iours. IfBf'di^ta 24 bourse: for fomc 
of the celeftial objefts perform it flower than 
others. They rife on one fide of the horizon, which 
is CaHW tlie eajiern fiie^ pafi obliquely ovei; it,^ and 
defcend otithe oppofite fide, which is called the v)ej^ 
ttrnfide of the horizon ; then they rife again^ &c; . 

If a pcrfon will obferve the heavens in the night 
time, he win find that the ftars feem to perform, or 
to move along, difiirent circles \ fome larger, 
others fmaller ; gradually diminifiiing towards . a 
^ertaita part of the heavens, until fome of them per- 
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♦ The grcateft diftance h E, from which an cyq fituated 
^y where above* the furface of 0ie e^th, as at h^ will per^ 
ceive an objed £ on the furface of th? earth, is one fide of a 
plane triangle i £ C, rights-angled at E^ Its other two fideis 
are the radius EC of the earth, and C h^ which is the fmn of 
the radius and height a i.— wWhen # h is known, the diftance 
i£ is found by the following ri^le ;— ^ Add the height ahXx^ 
the diameter kA the earth \ multiply the fum by the height ati 
then the fquare root of the produ^ is the diftance h £• This 
rule depends on Prop, i^7th, B. I. } and on Prop. 6tb, B.II* 
of Euclid's Elements. 

c 3 form 
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form circles fo (mall as not to be difcerned without; 
proper inftruments. In fliort, the whole apparent} 
4>here feeing tp move rouod an axis, and of coqrfe 
there are two points in the heavens, which, being 
the extremities of that axis, do not feem to move ac 
all. Thofe points arc called the foles of the world i 
one being called the arSicy or the norths pole \ an4 
thfi Qth^r the ofttarific^ or ffmtb, pk. The axi# it- 
ielf,or the line, which joins thofe poles^i is called ii&f 
mcii9fibtwQr^. 

In this imtropolis we c.^n pef ceiye one pole only> 
namely, the north p(^e> whkhJb elevated above tii^ 
horizon at an angle of 51;^ 31''. In truth, we <^aaoot 
pefcciyc the pole itfclf 5 (which is ai? imaginary 
point) but we may determine the fituation, or th^ 
angular ^titudcj of th^ immoveable point, by tn^ 
amining the ftars/ which, being near it, revolve 
ivithout ever going below the horizon i for by takbg 
^ mean Qf the leall, and grjcateft, ob&rved altitudes 
lof any one of thofe ftars, we have the altitude of the 
pole itfelf ; it b^ing evident that in its circular revQ- 
hitiop each ftar muft rife.a^ much above the pole a$ 
it delcends below it. 

A pretty large ftar, called the «^r/i&/^&r^tfr, i^ 
^tuated near the north pole, and to the naked eye it 
appears to be cjuite ftationary i but when examined 
by means of a fixed telefcope, or of other aftrono- 
piical inftrumentSj it is found to defcribe a fmal| 
circle, which prpves that it is not (}uite at the pole, 

Befides the poles,, there are feveral other remarka* 
jble points, determined and conft^tly nfed by thi^ 

aftro- 
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iftroHOtHerS) which are therefore neceflary tx) be de* 
Icribed. One of thofe points is called the zenithy 
and IS the higheft point of the heavens, or that 
which IS exaftly over our heads. The oppofite or 
tewcft point of the heavens, which is dircftly under 
our feet, is called the nadir. If a plummet be frecljr 
fufpended, arid if it be fuppofed to be infinitely ex- 
tended both upwards and downwards, its thread will 
pals through the zenith and nadir. Thofe points 
are alfo called the pies of the horizon *. All circles, 
drawn through the zenith and nadir, which of courfc 
mdft be perpendicular to the horizon, are called 
vertieal circles^ or azimuths. Two of the innumer- 
able circles, which may be defcribed through thofe 
points, are peculiarly remarkable ; viz. that which 
pafles through thc'm, and at the fame time through 
the poles of the world^ is called the meridian. This 
circle divides the fphere into two equal parts, one of 
which is the eajtemy and the other the wejlem^ he^ 
mifpbere. When the celeftial bodies in their daily* 
courfe arrive at that part of the meridian which is 
above the horizon, then they are faid to culminate i 
viz. to be at their greateft elevation j for beyond 
the meridian they defcend towards the horizon j and 
when they are aft that part of the meridian, which is 
bdow the horizon, then they are faid to be at their 
greateft depreflion ; for beyond that limit they again 

• In fpberies every circle o£ the ^here has two poles^ 
wUch a^e the points on the furfacQ of the fphere, where a , 
flraight line, paffiag through the centre , of the circle and 
perpendicular to the plane of it, me?^ the furface. 

C 4. U^ 
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fphere, is called the equator or equmc^i^ which. 
divides the fphere into twa<quai part$> and is per<% 
pendicular to the- axis of the wor)d, as ^a tQ the 
plane of the nieridian. In this xnetropqliss when 
we place ourfelves with our backs to th^ nQrtf^» as 
has been mentioned above, the. equator ftands qIh 
Uquely .before us, viz. it paiTes through (he eaft and 
weit points of the horizon^ and croiTes the meridian 
at a point which makes an angle of 38% 29'' with 
the horizon. To tbofe who are fuuated fouth of us^ 
the, intcrfipdion of the equator with «hc meridian is 
higher up^ ani to. thofe who arenoirch of us^ that ta-f 
tprfpftion is lc%er down. The poles of the world 
arc the poles of the equator. 

Now, if we fuppofe the planes of various meri- 
dians, a^ well as of the equator, and of the* rational 
hori25on>' to cut the furface of the earth, then the 
fame circles which are fupppfed to exift in the hea- 
vens, may likewifc be conceived %o exift on the fur- 
face of the earth. Alfo that point of the fur face of 
the earth, which is ej^aftly under the north -pole of 
the world, is called the north pole of the earth \ and 
the fame thing muft be underftood of the fouth 
pole. 

The ufc which is made of thofe points and circle^ 
on the furface of our globe, will be Ihewn hereafter 4 
but we fhall obfcrve for the prcfcnt, that the 
Situation of the equator with its axis and its poles,; 
which are the fame as the axis and the poles of the 
world, appears differently fituated to the different^ 

, inhabitants 



iohabUmts of the eat^r- Thofi: difierent fituadons 
m9]i^;be i(C«)uced to tHiec fpegies^ and tbcfe have ob^ 
Uined peculiar aF|)eUatiowi viz. to thpfe pciibns 
who live eza£Uy under the equator, the poles of the 
world muit 9ippc,<&r in the hori^oHi and the equator 
muff be perpeadicular to the horizon, viz. mufl: cut 
it at right angles ; hence that (ituatibn is called the 
rigl;4 pqfitm of the fpb^e. To thofe who live un- 
der either of the poles of the earth, one of the poles 
of the vi^brld muft be over their heads,^ and the equa*^ 
tor tnu^ Goincidis wUb> or be parallel Co, the hori* 
zon; heoce that fituation is-<^ed a parallel Jphere^ 
And laftly, to^U theother i^bal^itancft. of the eartl^ 
the fph^fe is> &id to b0 in an obli^ pofitum^ becauAr 
the equator is neither perpendicular nor parallel, 
but oblique, to the horizon. Thus in fig^ ,6. Plate 
XXVI, NEHS reprefencs the celeftial fphcre, or a 
meridian a acb reprefents the -earth, N and S are 
the poles of the worlds NS is its aids,^and E £ is 
the equator. Now to ys at a^ who. are neither under 
the equatSor atiT, nor,under the poles ztb^ the fphere 
is faid to be oblique, becauTe the equator £ E is 
neither perpendicular, nor parallel, but oblique, to 
our horizoQ H H. To thofe who live at r, viz, 
under the equator, the fphere is faid to be right, be- 
caufe the equator E E is perpendicular xx> their ho^? 
rizon, which is N S, And to thofe who live at h^ 
ixL. under the poles, the fphere is faid to be paj 
rallely becaufe the equator E^ coincides with, or is 

^ fanxe as^ dieir horizoq. , 

The 
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The appareht movements of the ftars, which arc 
, performed in circles parallel to the equator, muft, 
of courfe> appear to be^rformed in circled perpen- 
dicular to the horizon to thofe who live under the 
equator at <?; and to them (who likewifc fee the 
poles of the world in their horizon) all the ftara 
muft appear to rife and to fet in every revolution^ 
and in every revolution they fee all the ftars fijc- 
ccffively. But tp thofe who live under the poles at 
hi the ftars move in circles parallel to the horizon, 
fo that they never rife <>r fet, and- confequently thofe 
people can dnly fee half the ftars, viz. one hemi- 
fphere, whiift- the Other is never feen bythem, it 
remaining conftantjy below-their horizon. To thofe 
*whb live neither under the equator, rtor under the 
. poles, the ftars appear to move in circles oblique Co 
the horizon, and they fee a greater or a fm^ler 
number of the ftars pafs in fucceflion, according as 
they are fituated nearer to the equator or nearer to 
tJie poles. Thus to us ficuated at ^, all the ftars 
which are fituated within the portion PEH, OEH, 
are feen fiicccflively ; but thofe which are about the 
fouth pole S, viz. in the portion H S O, are never 
feen by us, becaufe, as the fphere revolves round the 
axis NS, the portion HSO, never rifes above our 
horizon HH. And the ftars, which arc in the 
portion HN P, about the north pole N, are always 
within our fight, becaufe that portion HNP, of 
the fphere, never goes below our horizon H H» . 

The circle H P, parallel to the equator, which 

limits 
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lirtiits the part HNP^ that never goes below the 
horizon of any given place, is called the circle of 
perpetual apparition. The circle H O, parallel to 
die equator, which limits the pait HSO, thatnfever^ 
rifes abovje the horizon of any given place, is called 
the circle t>f perpetual occultation. 

Not all the cekftial objcfts appear to a (peftator 
in a fisted place, to rife conftaridy from, or to fet 
at, the .fame refpeftive points of the horizon ; 
or, in Ihort, to move conftantly along the fame 
circles. 

The fixed liars properly fo called, (which com- 
prehend all the celeftial objefts, excepdng the fun, 
the moon, eight planets, and fome comets, which 
appear now and then) do move with that unifor- 
mity, viz. Jthey move along the fame tracks or 
circles, and prefer ve the fame difiances from each. 
other; hence they have been denominated j&ra/y^tfrj; 
and therefore the aftronomers ufc them as fixed 
points with which, and by which, the motions of 
the other celeftial obje£ts arc compared and ex- 
prefled. The whole fphere, or all the fixed ftars, 
perform their revolution; viz. go from the mcri-. 
dian of a ^ven place, and return to the fame place, 
conflantiy in the fpace of aj hours, 56 minutes, and 
4 feconds. 

The fun rifes and fets every day at difFcrent points , 
of the horizon, and it alfb croflcs' the mieridian of 
any place every day at a difFercnt point; but it 
aercr goes farther from the equator than about 
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^3* a 8', cither towards the north or towards tlie 
ibuth of it. The time of its rifingi ftttirigj and of 
eroding the meridian, is not always the fame i- it be-* 
ing fometimes later, and. at other times fooiner, than 
on the prc<:eding day. . The difference i$ pro^ 
greffivcly increafing and decreafing. Upon the 
ivhoie it anK>unts only to a few minutes ; and, at a 
mean, its revolution (which is called the fiiin's 
daily revolution from its producing the viciflitudes 
of day and night) etnploys 24 . hours, vi?. 3'', 
56" longer than the revolution of the fixed ftars i 
or rsitber, we divide the mean time of the fun's 
daily revolution, into 24 parts,, which we call 
hours. The fixtieth part of an hour is called a 
mnute of time,^and the fixtieth part of a minute is 
called a^rc»^ of time. - " 

, If the very great fplendor of the fun did not pre* 
vent our feeing the ftars in the day time, wc fhould 
find th^t the fun (which, as has been faid above, 
moves flower than. the ftars^is left, conftamly be* 
Jiind ; viz.^ every day nrare towards Uie eaft, and 
Kkewife a litdc more towards the north,, or towards 
the fouth. In Ihort, if every jday at noon, when the 
fun orofljbs the jnfieridian of a given placfe, we marked 
the exaft rplaqc of i^s centre in ;hc . heavens among 
the ftars, and if whc^ the fun has returned to the 
fame- point of th^^heav^, all which period takes 
^P 3^5.4^ysi Si howrs, ,48'^ 49", and. is called the 
man.JokryeaTy .wjc drew a line along .^11 thofe 

* ■■ ^ '•:■'■ \f\. .::■... ■.. --.J. .......mark^ 



markecl points^ that line would be found to be % 
great circle of the fphcre. 

This circle ioterfed? the equator at two oppoGte 
poimsy and its pkne fornls an angle of about 23"" 28^9 
with' the plane of the equator. This circle, which is 
the annual path of the fun, is called th^ ecliptic i 
the angle, which it forms with the equator, is called 
ykyt obliquity of the ecliptic i and the points where it 
interfeds the equator are called the equinoxes^ or the 
equimHial points. 

A broad portion of the heavens, which ftretches 
about 8? on each fide of the ecliptic, and of courfe 
follows its dtredion all round the heavens, is called 
the zodiac. 

Since the ecliptic is a fixed circle, and everyday 

the fun is found in a different point of it; therefore 

every day the fun feems to perform its revolution in 

a cirjcle paraQel to the equator, but which recedes 

&rther and^rther from it, until it reaches itsgreatefl; 

difbifice ; whith, as has been laid above, is about 

23* 28^ from it towards the north 5 after which the 

daily courfe of the (un is performed in a circle^ 

which approaches : the equator gradually until it 

coincides with the equator, then it begins again to 

recede firom it towards the fouth, undl it r/eachcfs^ts 

greateit Southern diftance, which is likewife equal 

10 about 23'' 08% then it approaches the eqiSlatOf 

adew, and fo.forth, « - ?' >; i-: 

: NoHv whea the* Jbn is at itsl<:gfeateft diftances frerfi 

die equatov, the circlei parallel to the equator whieft 

it 
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feven or eight days after, it gets quite oppofite to the 
fufij and fhines with its entire circular difcj in which 
ftate we call it the full moon. After that period the 
luminous' part of the moon begins to decreafe> and 
when it comes again within 90<> of the fun, but on 
the other (ide, we fay it is at its loft quarter. It 
I tftly gets too near the fun, where we lofe (ight of 
it for a (hort time, and the moment it pafles be? 
yohd the meridian of the fun's centre, we call it the 
new moon i for, a day or two after this, we begin to 
fee it again towards the weft ; and fo forth* The 
conyex part of the moon's illuminated portion, or 
the more convex of its two fides, is always turned 
towards the fun *. 

Amongft the ftars there are, as we have already 
noticed, eight luminous bodies, which the naked 
eye can hardly diftinguifh from the fixed ftars ^ 
but; which, when viewed through a telefcope, have 
vtty different a{pe£bs ; and when examined with 
refped to their motions, are found to be quite dif- 
ferent from the fixed ftars j for though they appear 
td move like the other celeftial bodies, from eaft to 
weft, yet each of them performs that apparent revo- 



♦ The period of each of the four remarkable pbafes of the 
moon which is performed in the fpace of feven or eight days, 
and likewife the whole lunation or the period of its entire re- 
volution which is performed in about 28 days, feems to have 
fiiggefled the general cuftom of counting by months and 
weeks. See de la Lande's Aftronomy. 

lution 
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lution in a difierent time : hence they all change their 
mutual diftances, as well as their fituations with refpedt 
to the fixed ftars ; for inflance^ one evening one of 
them will be feen near a certain ftar, the next even- 
ing it will be found near fome other ftar, which it 
to the eaft of the former $ on the following evening 
it will be found ftill morb eafterly, and lb on for a 
number of nights ; then perhaps it will appear to 
be flationary ; viz. it will remain near the fame ftar 
during fome nights ; after which it will move to- 
wards the weft of that ftar, &c. 

From fuch irregular or wandering movements, 
thofe eight celeftial objects have been denominated 
Planets. The aftronomers have ^ven them pecu- 
liar narnes ; and for the conveniency of exprefling 
them upon globes, tables, &c. they are often de- 
noted by peculiar charafters. Here follow their 
names and characters. 

Mercury 9 ; Venus ? \ Mai's i ; Ceres Ferdinand 
dea J Vallas \ Jupiter % ; Saturn ^ ; and the Gear" 
pum Sidusy or Georgian Planet ^ which, by fome, has 
alio been called either Uranius, or Herfchel ¥ *. 

Since 



• Mercurjr, Venus, Mars, Jupiter, and Saturn, have 
been known from time immemorial j the Georgian planet 
was difcovered by Dr. Herfchel about 20 years ago. The 
Ceres was difcovered by Mr. Piozzi, an Italian aftronomer^ 
on the I ft of January 1801, or the £rft day of the prefent 
century. The laft^ or Pallas, was difcovered by Dr. Olbers 

i> a of 
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, Since the ftars properly fo caUcd, are confidercd 
as fi:^ed points in the ceieftial fphere, which ferve td 
dcnotq the movements peculiar to the fun, the mooo, 
the pladets, and the comets ; and whofe fituations 
are like wife uieful for other purpofes.; therefore 
^ftronomers have laboured with great affiduity to 
determine^ with the utmofl: accuracy^ their fituations 
iti the heavens^ or their diftances from each other ; 
and fuch diftances are laid down in books, or cata* 
kigues^ or tables. This however has been more 
particularly the cuftani of latter times ; for the ob-^ 
fervers of very remote antiquity parcelled the whole 
into irregular aflemblageSt to which they gave die 
names of men, of birds, of fifties, &c. according ta 
fome faint or diftant refemblance, which that parti- 
cular arrangement feemed to indipate. Then, in 
drder to fpecify any particular ftar of a certain ar- 
rangement or imaginary figure, they %oke, for in- 
ftance, of the ftar on the fhoulder of Orion, or on 
tiie tail of the fifh, &c. And fuch is the afliftanec 
which thofe imaginary figures afford to the memorj^^ 
that this cuftom is Hill continued, viz. of exprelfing 
the ftars by their fituations in thofe imaginary figures 
of men, fifhes, birds, &c» which are called afteripns 
or conjlellations. The modern more accurate aftrpno- 
incrs ufe thofe conftcllations for the purpofc of in- 



of Bremen, on the 28th of March 1802.— I do not know 
that any particular charafters have as yet been Appropriated 
teethe two hit difcovered planets. 

dicating 



dicatlng the general aOemblage c^ ftars in a certain 
portton of the heavens ; but they diftinguifti each 
particular ftar by a Greek letter, or by the figures 
of Dunobers^ as i, a, 3, &c* and mark its true 
place by mentioning its diftances from particular 
points. 

Some of the principal fixed ftars have peculiar 
names, fuch as AIdeba.ran^ Sirius, Regulus, &c.— - 
We ihall treat of the conftellations, as alio of the 
pKarticukr. ftars which are contained in them, in ao- 
ocher chapter of this pare ; but for the prefent it will 
be necefiary juft to mention that the zodiac b oc- 
cupied 1^ twelve conftellations, whofe names and 
charaStcrs are as follow : 

jfrics v J Taurus «, Gemini n, Cmur «, Lfo a, 
Firi9 flR, Liira ^b, Scorpo m, Sagittarius ty Gt- 
fricontus hP, jtquarius xr, and Pifces X. Thofc 
conftellations are fuppofed to divide the zodiac, or 
the ecliptic, into 1 2 equal parts ; therefore 30 de- 
grees are affigned to each of them ; 1 2 tirrtes 30 
making 360', or the whole circle. They are ficu- 
ated in the order in which they are mentioned abov,e 
from the weft towards the eaft. 

Having thus given a general or fuperficial view 
of the number and movements of the principal 
cekftial bodies, as well as of the moft remarkable 
circles and points that are ufed in the fcience of 
aftronomy s it will be necefiary to indicate fome of 
riie moft ftriking t(kSc& that are produced by 
thofe movements, and likewife to Ihew the ufe of 
, D3 the 
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the abovetnentioned circles and points, in deter- 
mining diftances and poficions ; but to this I fhall 
briefly prefix a few of the nrorc remarkable proper- 
ties of the circles of a fphere, by way of refrefliing 
the memory of the ftudents, who are fuppofed to 
have previoufly ftudied fpherical geometry, trigo*- 
nometry,&c. / 

If a plane cut a fpherical furface, the fedion will 
be a circle. If the plane pafs through the centre of 
the fphere, the feftion is called a great circle qf the 
fphere \ it being the largeft circle that, can be drawn 
upon the fphere ; but if the cutting plane do not pals 
through the centre of the fphere, then the feftion 
will be a lejfer circle: Therefore all great circles of 
the fphere have the fame common centre, and cut 
one another as well a^ the^ fphere, into two equal 
parts. But Icfler circles have not the fame centre 
yfkh the fphere, and they may be cut unequally by a 
great circle, or by another leffer circle. 

Parallel circles ^xc thofc whofe planes arc pa- 
rallel. 

KJph&ic angle is the inclination of two great 
circles, and is meafured by an arc of a great circle 
intercepted between the legs of that angle, at 90* 
diftanpe , froip the angular point. When two cir- 
cles ipterfcft one another, the oppofite angfcs arc 
equal. 

KJpheric triangle is a figpre formed on the fur&cc 
of the fphere by the nfiutual interfeftions pf three 
gre^t circle^. 
^ - ' The 
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The fdes of a circle arc thofe two points on the 
furftce of the fphcrcj where a ftraight line paffing 
through the centre of the circle^ and perpendiculsr 
to its plane, meets that fur&ce. 

Both the poles of a great circle are equidiftant 
from it; but thofe of a le0er circle are not equi* 
diftant. When two great circles are perpendicular 
to each other, they muft pafs through each other^s 
poles s and then either of them is tiXkA fecondarj 
to the other. Thus the meridians are faid to be 
lecondaries to the equator, and the azimuths are. 
fecondaries to the horizon. 

A great circle perpendicular to a lefler circle, 
muft pafs through the poles of the latter ; but the 
reverf^ is not true. 

The projeSiim of the fphere is the reprefentation 
of its circles, points, &c. upon a fiat furface ; and 
thofe reprefcntations of circles may be either ftraight 
lines, or circles, or ellipfes, or other curves, accord- 
ing as the circles lie in the direftion of the eye of the 
obferver, or perpendicular, or oblique to it j and 
likewife according to the nature of the projedion, of 
which there are fcveral forts. 

We may now return to the aftronomical circles, 
and ihall, in the firft place, (hew their principal ufe 
upon the furface of the earth. 

The equator on the earth, which is juft under the 
celeftial equator, is a great circle which divides the 
earth into two equal parts, namely, thc/nortliem and 
the fouthern hemilpheres. This imaginary circle 

D 4 paflfei 
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pafles through the continent of Africa, crofles the 
Indian ocean, as alfo the iflands of Sumatra and Bor* 
neo I it pafTes aiong the whole extent pf the PaciHc 
ocean, and the continent of South America. Thil 
circle is commonly calkd fimply the Une, and when 
navigators go from one Aie jof it to the other, thejr 
coinmonly fay that they have creffed the Une. 

The fliorteft diftance of a place on the furfacc of 
the earth from the equator, is called the latitude of 
that place, and is faid to be north or foutb latitude^ 
according as the place is fituated on the northern or 
fouthern hemifphere. This latitude is meafured by 
an arc of die meridian of that place ; thus the lati- 
'tude of London is faid to be 51^ 31' north; the 
latitude of Lifbon is 38* 42*^ north j the latitude of 
the Cape of Goodhope is 34* 29 fouth, &c. Places 
that are exadly under the equator, have, no lati- 
tude } and the latitude of thofe, which are cxadly 
under the poles, is 90* north or fouth *. 

A leflfer circle paffing through any place, parallel 
to the equator, is called a parallel of latitude ; and, 
of courfe, all places through which that circle pafTes, 
have the fame latitude. 

The longitude of one place from another on the 
furfacc of the earth, or what is, more properly, called 
their difference of longitude^ is the di'ftance of their 



* The latitude of a place is equal to the elevation of the 
pole of the iamc deiipminationj above the horizon of that 
place. 

pncridian^ 
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meridians from one anotherj which is mealiired by 
the arc of the equator, that is intercepted by thofe 
meridians; and is exprefled in degrees, minutes^ 
&Cr In general, the longitude is reckoned from a 
certain meridian, and is called eaft or weft longitude^ 
according as die places lie eaft or weft of diat me* , 
ridian. 

Now the equator being a fixed and immutafajb 
circle, the latitude muft unavoidably be reckoaed 
irorti that line ; but fiitce there is no fixed and ge^ 
neral meridian s therefore the longitude may be 
reckoned from the meridian of any place at pleai* 
fure. . For a long time it has been the general 
cuftom to reckon the longitude from the meri- 
dian of Teneriffe, one of the Canary Iflands; that 
iOand being for many years the moft weftcrn land 
known. But at prefent the moft prevailing cuf-» 
torn is for every principal nation to reckon the 
longitude from the meridian of its capital. Thus 
the Englilb begin to reckon from, or confider as, 
the firft meridian, that whioh paffcs through Lon- 
don, or rather through the Royal Obfcrvatory at 
Greenwich. The French begin to count the Xonm^ 
tude from the Obfcrvatory of Paris. Therefore, 
according to the Ifrench reckoning, the longitude of 
Greenwich is o!" 25' weft; and, according to the 
Englifh reckoning, the longitude of Paris is 2* 
25 eaft. 

Then, in order to ftate the fituation of places 
ypon the furface of the earth, it is neceffary to 

fpccify 
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ipecify both their latitudes and their longitudes^ and' 
fuch ftatements are always found annexed to the' 
names of towns, capqs, &c. in geographical dic- 
tionaries^ and other works on the fubjeft of geo- 
graphy. 

In order to eftlmate real diftances in miles from 
the ftatcment of the latitudes and longitudes of any 
two places, the reader *muft obfepe, ift. That 
when the two places are under the fame meridian, 
or hive the fame longitude, and differ only in lati- 
tude, then their difference of latitude converted into 
miles, at the rate of 69,043 Englifh miles per de- 
cree, will give their real diflance in miles *. 2dly, 
That when the places have the fame latitude^ and 
differ in longitude only, then their real diftance can- 
not be had by converting their difference of longi- 
tude into miles, according to the above-mentioned 
rate, unlefs the two places are both under the equa- 
tor J for fince the meridians approach each other, ac- 
cording as they recede from the equator, and at lafl do 
all meet at the poles j therefore the diftance between 
two places, which have the fame difference of longi- 



* A degree of latitude, or of longitude at the equator in 
nautical affairs, is generally reckoned equal to 60 miles, 
commonly called geographical miles \ but finccf it appears 
from the lateft meafurements that the whole circumference 
of the earth is equal to 24855,43 Englilh miles ; therefore 
dividing this number by 360% we have the length of one 
degree equal to '69,043 Englilh aulc§, 

tude. 
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tade, diminifhes in proportion as their latittidc in- 
cf cafes, viz. according as they • recede from the 
equator ; the diminution being in the ratio of radius 
to the cofine of the latitude j viz. the length of z, 
degree of longitude at the equator is to the length 
of a degree of longitude at a given latitiide, as ra« 
dius is to the cofine of that latitude. Therefore, 
when two places have the fanne latitude, convert 
their difference of longitude into miles, at the rate 
of 69,043 miles per degree; then fay, as radius is 
to the cofine of the latitude of the two places, fo is 
the number of miles jufl: found, to a fourth propor- 
tional, which is the real diftance in miles bctwecti 
the two places. 3dly, When the places diflfer in 
longitude as well as in latitude, then their real dif- 
tance in miles muft be found by the refblution of a 
right-angled fpherical triangle, according to the rules 
of trigonometry; or it may be foond mechanically, . 
and with tolerable accuracy, upon a terreftrial globe, 
die ufc of which will be Ihewn hereafter. 
' In the heavens the diftance of the fiin, moon, and 
other objefts from the equator, is called their decli^ 
nation, which is north or fouth, according as the ob- 
jc6t is north or fouth of the equator; and it is evi- 
dent that the declination cannot be more than 96*. 
The fixed ftars, being dilperfed all over the hea-^ 
yens, are to be found in every degree of declina- 
tion ; but the declination of the fun never exceeds ^ 

, Great circles drawp through the poles of ,the 

equator. 



/^ 
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equator, or the fecondaries to the celeftial equator, are 
. alfo called aroUs of declination^ or meridians ^ becaufe 
upon them the declination is meafured. Twenty-four 
of thofe fecondariesi that are at i^"* diilance one froni 
the other, and which, of courfe, divide the equator 
into 24 equal parts (for 360% divided by ic^\ 
quotes :a4), are csiUf^d hour circles ; becaufe the fun, 
in ' its apparent diurnal naotion, paffes over 1 5* in 
every hour. 

The right ajcenfton of a celeftial body, is an arc 
of the equator interfeftcd between one of the equi* 
" Doftial points,, called the firft point of Aries, and a 
decimation circle pafllng through that body. This 
arc is meafured according to the order of the fun's 
apparent motion *. The jMique afcenfim of a ce- 
leftial body is an arc of the equator, intercepted 
between the firft point .of Aries, and that point of 
the equator, which rifes with that body in an 
oblique iphere. The afcenfional difference is the 
difference between the right and oblique afcen- 
fion. 

Thus it appears that the diftance from the equa- 

. tor, and the diftance from a given raeridian, which, 

. for places upon xhe furface of the earth, are called 

' the latitude and longitude ; for .celeftial objefts arc 

called the declination and right a/cenjion. 



♦ It is called right afcenfion, becaufe in a right fphere.the 
' declination circle, which paffes through the given body, rifes 
with that body above the horizon. 

The 



The haimdeMd Jongitude of a celeftial objed, are 
its diftaace from the ecliptic,, meafured upon a fe« 
tonduy of the ecliptic (hence fecondaries to the 
edipdc are aUb called circles of celeftiai latitude) i 
and its diftance from a fecondary of the ecliptic that 
paiies through the firft point of Aries (viz, where 
dbe ecliptic interfefts the equator), or an arc of the 
ecliptic interfered by two of its fecondaries, viz. one 
which pafles through the firft point of Aries, and the 
other which pafles through the given body. If the 
cekftial body be fuppofed to be feen from the centre 
of the earth, its Jongitude is cdihd geoantric longi^ 
tude. If it be fuppofed to be feen from the centre 
of the fuQ, it IS- then called heliocentric longitude. 
And the iame thing muft be underllood of the lati« 
tude of the celeftial bodies; viz. it may be geocentric^ 

or belief entric. 

« 

Let us now return to the courfe of the fun, and 
let us endeavour to explain the lengths of days 
and nights, the fcafons, and other things which 
depend upon it. As the fun moves in the period 
of one year all along the ecliptic, from weft co 
^ft;, and as the ecliptic crol&s the equator in two 
points, and is inclined to it at an angle of about 23* 
a8' ; therefore the fun, twice in the year, muft be 
in the equator, at which time its declination is o* ; 
and twice in the year muft be fartheft from the equa« 
tor, when its declination is iabout 23* 28";' once on 
the north fide of the equator, and once on the fouth 
fide of it» The former two of thofe points are^ 
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, Ac equinoHiai points y (bccaufe when the fun is at 
ihofe points, the days are equal to the nights) othei"-* 

. jurifc called the firft point of Aries^ and firft point of 
Libra. A great circle, or a fecondary- to the equa- 
tor, pairing through thofe points, is called the equi* 
noSlial colure. The latter two points arc called the 
Jolfiitial pointSy bccaufe thofe points (which arc the 
firft point of Cancery and the firft point of Capru 
com) are the laft ftations of the fun, after which it 
begins again to draw near to the equator. It is at 
thofe two points that the tropics touch the eclipdc. 
A fecondary to the equator, pafling through the 
jfolftitial points,* is called the Jolfiitial colure^ 

In fig. 7, Plate XXVI. nabsb reprefents the 
earth J NCSE reprefents the apparent celeftial 
fphere, or oiir nieridian, as fituated with refpeft to 
o(jr latitude, viz. 51* 31' north j EE istheequa^ 
tor, C D the ecliptic, which incerfedb the equator at 
an angle COE of 23** 28^ CT is the tropic of 
Cancer, which is parallel to the equator, and touchei^ 
the ecliptic at its moft northerly point Ci which is 
the firft point of Cancer. RD is the tropic of 
Capricorn, likewife parallel to xh6 equator^ and 

. touching the ecliptic at its mdft foutherly point D, 

which is the firft point of Capricorn. H H is our 

horizon, London being at 2, and our zenith at Z. 

N S is the axis of the world, of which N is the 

north, and S the fouth, pole *. 

Ots 

« 

-"'■■■ ' ■ '■ ' . ■ I. I . . m il- 

* For the like of perfpicuity the fphere in this figure is 
froje£le(ht>rthographtcally, and the meridian NCHSDT is 

the 
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O is one intcrfc6tion of the ecliptic with the 
equator, or the firft point of Aries, The other in- 
tcrfedtion, or the firft point of Libra, being on the 
oppofite fide. C is otie folftitial point ;^ namely, 
the firft point of Cancer ; and D is the other fol- 
ftitial point J nannely, the firft point of Capri- 
corn. 

Now, on the aoth of March the fun will be 
found at O, viz. where the ecliptic interfefts the 
equator; therefore it will appear to move round 
the earth, together with the whole fphere, in about 
24 hours, and its path will coincide with the equa- 
tor. On the following day the fun will be found, 
.not at O, but in another point of the ecliptic a little 
eaftward of O, as, for inftance, at P, and, with the 
whole Iphere, will appear to turn round the earth in 
a circle parallel to the equator, for inftance, along 
the dotted circle i, 2> the arc E i being its decli- 
nation for that day. On the enfuing day the fua 
will be found farther from O, as for inftance at Qj 
and, moving with the whole fphere, will appear to 
turn in a circle parallel to, but a little farther from, 
the equator, and fo on^ until in about three months 
time, viz. on the 21ft of June, it will reach the 
folftitial point C of the ecliptic ; and on that day it 
will appear to turn with the tropic C T s its north 

the primitive circle ; therefore all the circles, whofe planes 
are perpendicular to the primitive, fuch as the equator, the 
tropicsy the ecliptic, &c« are reprefented by right lines. 

declination 
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declination CE being anarch of about i^ i%\ 
After this, the fun will continue to move on the 
ecliptic, and after about three months Ibnger, viz. 
on the ^jd of September it will reach the other in- 
terfeftion of the ecliptic with the equator. Pro- 
ceeding ftill farther, in about three months more, 
viz, on the 22d of December, it will reach .the other 
folftitial point D of the ecliptic, at which time it 
will appear to move along the tropic DR. Near 
three months after, it will reach again the equi- 
noftial point O ; having performed the whole courfe 
of the ecliptic from the weft towards the eaft, in 
the compafs of 12 months ; after which it begins 
to perform a fecond and fimilar revolution, &c.— 
This motion of the fun being qnce underftood, 
the following confequences will be readily com- 
prehended. 

I. When the fun is at the point O of the eclip- 
tic, and appears to move along the equator E E ^ 
then, fuice E E is a great circle, and the horizon 
H H is likewife a great circle ^ therefore they muft 
cut each other into two equal parts; hence, at that 
time, half the apparent daily courfe of the fun is 
performed above the horizon, and the other half f$ 
performed below it 5 or, in other words, the day is 
equal to the night. When the fun is in any other 
point of the ecliptic, between O and C, its daijy 
courfe will be performed in lejjer circles parallel tp 
the equator ; which leflcr circles are cut into two 
unequal parts by the horizon, becaufc they are not 
- *^ * perpendicular 
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perpendicular to the horizon'; thus the circle C T 
is cut by the horizon HH, into two unequal parts, 
whereof C 3 is the largcft, and 3 T the fhorceft ; 
for fince C T is cut at 5, into two equal parts by 
the great circle NOS ; therefore C 3, being longer 
than the half C 5, mufl: be much longer than the 
legment T 3. Of any one of thofe circles, along 
-which the fun appears to perform each daily revolu* 
tion, th^t portion, which is above the horizon, is 
called the diurnal arcb^ and that which is below the 
horizon, is called the naSfurnal arch j the halves of 
which, viz. from the horizon to the meridian as 3C, 
and 3 T ; or as 17, ' and a^, are rcfpeftively called 
the Jim Jiurnal J and the/eminoilurnaly arches. There- 
fore, from the 20th of March, at which time the 
fon is at the pomt O, until the 21ft of June, at 
which time the fun is at the' point C of the ecliptic; 
the diurnal arches, or the days, grow continually 
longer than the nofturnal arches, or the nights. 
After that, the days begin to fliorten, and the 
nights to lengthen, in proportion as the fun draws. 
nearer to the autumnal equinox, and on the 23d 
of September, when the fun is exadbly at that point, 
the day becomes equal to the night. Proceeding 
ftill farther towards the fouthern part of the eclip- 
tic, the fun again performs its daily courfe in leflcr 
4pircles, which are unequally divided by the horizon; 
with this difference, however, that now the noSumal 
are longer than the diurnal arches; viz. the nights 
grow continually longer than the days, until the fun 
;ir« B i^eaches. 
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reaches, on the aid of December, the point D of 
the ecliptic, at which time the femi-diurnal arch 
R 4, br the day is the Ihorteft, and the feminoftur* 
nal arch D 4, or the night is the longcft. Then 
the days begin to lengthen again, &c. 

In fhorc, during the 12 months, four remarkable 
changes, or periods, or feafons, may be diftinguifh- 
ed, viz. ift. From the vernal equinox, on the 20th 
of March, when the fun is atO in the ecliptic, until 
the fummer fuiilice, on the aift of June, when the 
fun is at C. 2dly, From the laft-mcntioned time, 
until, the fun reaches the autumnal equinox on the 
ajd of 5<^ptember. Jcily, From the 23d of Sep- 
tember, until the 2 2d of December, when the fun 
reaches the winter (blftice. ,4thly, and laftly, From- 
the l^ft-mentioned time until the fun reaches again 
the point O, on the 20th of March 5 thofe periods 
form the four feafons of the year, which are attended 
with diiFerent degrees of temperature, different fer- 
tility of the ground, &c. Thofe differences arife 
from the following three caufes, that is, ift, bec^ufe 
when the fun is longer above the horizon (as in 
fummer) than below it, the ground, by being 
longer expofed to its rays, acquires more heat than 
when the fun remains a (hort portion of the 24 hours 
above the horizon ; 2dly, becaufe, when the fun gets 
nearer to our zenith, its rays, coming lefs obliquely, 
fall upon a given fppt in greater quantity than when 
they are more oblique ; and ^dly, becaufe wh^n the 
fbn is nearer to the zenith, i.s rays go a Ihorter way 

through 
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through the atmofphere, and, of courfe, are Icfs ob- 
ftrufted by it, than when they are more oblique ♦. 

II. The efFefts, which we have juft defcribed, 
are fuch as take place in our latitude ; but in other 
latitudes they differ confiderably, as will be eafily 
tromprehended by attending to fig. 7 ; and, by ob- 
ferving that when the fun is advancing towards the 
northern hemifphere, it muft recede from the 
fouthcrn hcmjfpherc; and therefore whilft the days 
are growing longer to us, and the nights Ihorter ; 
the reverfe muft take place with refpcd: to the inha- 
bitants of the fouthern hcmifphere ; viz. the days 
muft be diminiftiing and the nights muft be growing 
longerj therefore, when it is fummer to us, k nriuft 
•be winter to them, and vice verfa. But when the 
fun is at the equinoftial points, the days are equal 
to the nights all over the earth, becaufe the fun then 
moves along the equator, which, being a great circle, 
is cut into two equal parts by the horizon of tycty 
place. 

III. Excepting when the fun is at the equinoftial 
points, the length of the fame day, viz. of the fun's 
conVmuance above the horizon, is diflFcrent accord- 



♦ The difc of the fiin appears, from tneafurement, to be 

a little larger in winter than in fummer; therefore we infer 

that the<fu)i isa little nearer to us in wijtiter than in fummer. 

Biit the difference is fo filiall, that, the eiFe£l which might 

arife therefrom, is vaftly overpowered by the above-mejfi- 

tioi^ direc onifcs* 

v • X a - ing 
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ing to the difFerertce of latitude ; for in that propor- 
tion the parallels of declination are more or lefs in- 
clined to the horizon ; and, of courfe, arc more or 
, -lefs -unequally divided by the horizon of each parti- 
cular place. Thus, for inftancc, on the 4th of May 
we have about co hours of day light ^ and about four 
hours of darknefs; but on the fame 4th of May 
thofe, ' whofe latitude is farther north, have a 
longer continuance of day light, a#)d a fhorter of 
darknefs; whereas thofe who live nearer to the 
equator than we do, have a fhorter continuance of 
day light, and a longer of darknefi. In fliort, to 
thofe who live under the equator, the days are al- 
ways equal to the nights, becaufe cvery^ parallel of 
declination, or evei-y apparent revolution of the fun 
is divided into two equal parts by their horizon. But 
the horizons of other places cut the parallels of de- 
clination more and more unequally, in proportion as 
thofe places are more and more diftaot from the 
equator; whence the difference between the days 
and the nights increafes accordingly. But to thofe 
whofe latitude exceeds 66* 32'', either fouth or 
north, the fun remains above the horizon during 
feveral days fucceffively in fummer, and remains 
quite invifible during feveral days fucceffively in 
winter. 

In order to underftand the reafon of this pheno- 
menon, it muft be previoufly confidered, that when 
an opaque globe, like the earth, is expofed to a very 
. diftant luminous objed, like the fun, it can have not ^ 

morr 



of the Worlds ^c. ' • 53 

more than half its furface illuminated at the fame 
time, and the boundary of that illuminated part 
round the Ipherc, forms a great circle, the axis of 
which, jf produced, will pafs through the luminous 
objeiS:. Now when the fun is at the foliditial point 
C, it is then vertical to that part of the earth (viz. 
to the fpot i)i the Jatitudji of which is about 23* 
jt?' north ; for fiich is the ahgle COE. Now finctf 
thr circle hb^ which forms the boundary of light, 
being a great circle, is 90* diftant from its pole /; 
and fince the arch en \% like wife 59' j therefore the 
diftance bn oi jhc boundary of light from the pole 
;?, muft beeqyal to ie^ viz, 23* 28 'j fo that at that 
time the portion anh of the earth muft be conftantly 
illuminated j thu is, the fun muft appear to go round 
and roqnd for fevcral days, v/ithout ever fetting. It 
is alfo evident that an equal portion hsfoi^h^ earth, 
found the fouth pole s, muft remain as long in an 
luninterrupted darknefs. The pirclips ^ a^ and bfy 
which limit thoft fpots, and which are about 23* 
ft8 diftant from the poles (viz. as much as the 
tropics are from the equator), are caljed tfie polar 
circles i b a being the nortb, and bf the Joutby polar 
circles^ otherwife called the arSiif^ apd the antarSlic 
circles. When the fun, after the ifaliftice, draws 
nearer to fhe equator, the boundary of light muft of 
courfe approach the poles ^Tience a fmalkr portion 
of the earth, round ':he north pole, will have con- 
ftant day light, and an equal portion round the 
fouth pole will have conftant darknefs. But when 

E3 ^^ 
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the fun, having croflTed the equator, advances t6«r 
wards the fouthern hemifphere, then the boundary 
of light recedes from the north pole n » that is a 
larger and larger portion of the earth round that 
pole, will be left iif continual darkncfs, whilft an 
equal fpot round the foiith pole s will enjoy coriftant 
day light, and fo on. Therefore the inhabitants of 
the north pole (fuppofing that fome may live 
there) muft fee the fun above their horizon (which 
coincides with the equator) moying parallel to it 
during fix months of the year; viz, from the vernal 
equinox to the autumnal equinox; and muft alto- 
gether lofe Oght of it during the other fix months ; 
whereas the inhabitants of the fouth pole muft have 
a conftant. night during the former fix months, and 
a conftant day light during the latter fix months* 

IV. As the fun moves from one tropic to the 
other, and back again to the former tropic in the 
'courfe of every year, and as the tropics arc about 
aj* aS' diftant from thp equator i therefore the fun 
^ is vertical to, or pafles over the zenith of, different 
-places on the furnace of the earthy, prpvided the la- 
titudes of thofe places do not go beyond 23** 28' 
north or fouth of the equator. That portion.or zone 
q( the earth which is within thofe two latitudes, or 
which is between the tropics, is called die torrid 
%me^ from the great heat to which it is expofcd. 
The portions bna^ and fsb^ which are limited by 
the polar circles, arc called the ncrtb and iht/outb 
frigid zones i the remaining parts of the earth, which 
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fire between the tropics and the polar circles^ arc 
called the temperate zones. Thus the furface of 
the earth is fuppofcd to be divided into five 



zones t, 



After the above -nnentioned cpnfcquences of the 
fun's daily and annual courfe, it will be ncceffary to 
mention forne irregularities reljpedting it, the caufe 
of which will be explained hereafter ; as alfo the 
length of the year, both folar and aftral. 

If we count the time from the vernal eqxrinox to 
the autuninal* equinox, and like wife the time from 
the autumnal equinox to the next vernal equinox, wc 
,ihall find that the former period exceeds the latter 
by about eight days, which ihows that the fun re- 



T*^ 



♦ The following ufelefs diftinftion refpeftlng the fbadows 
which are caft by the different inhabitants of the earth, Is 
generally mentioned by the writers on agronomy. The in- 
habitants of the torrid ^one are»cal)ed Amphifcii^ becaufe,,at 
different times of die year, their meridian, fliadows are di- 
ledied towards both poles, but when the fun is oyer their 
heads, then their fliadow falls under their feet, or rather they 
form npfhadow fimilar to the human body, and at that time 
they are called Jfciiy or fcadowlefs. Thofe who live in the 
temperate zones, are called Heiemfdi^ becaufe their meri- 
dian (hadows are projected towards one pole only at any 
time of the^year. J«aflly, the inhabjtaijts of phe frigid 
;Lones are called Penfat\ becaufe when flje fun is con- 
flandy above their horizons, thrir fliadows afe fucceflively 
(liredled towards a}l the points of the cpmpafs in 34 hours. 

E 4 mains 
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trains about eight ^ays longer on the northern half 
ofttc ecliptic than on the other half of it. 

Aftronomers confidcr the year under two dif- 
dnftionsj viz. the /olar and the aJlrdL The tr^- 
fkal or Jolar year^ upon which the feafons depend, 
is the cxad time in which the fun moves all round 
from one equinox to the fame again> and which 
period has been found to be equal to 365 days, 
5 hours, 48' 49". The afiral year is the time that 
the fun employs in going from one fixed part of the 
hij^vens, viz. from a given fixed ftar, all round, 
faid again to the fame precife point of the heavens j . 
wid this period or aftral year is a little longer than 
that of che folar year, viz. it is equal to 361J days,- 6 
hours, 9^ 1 2", which is longer than the folar year by 
ao', 23 , of timci or to an arc of 50^25 (for, in 20', 
53// of time, the fun percurs an arch of 5Q",25* )} 
fo that the fun, as feen from, the earth, arrives at the 
cquinodial point, viz. at the equator, a litfle before 
it arrives at that fame precife point of the heavens, 
with which it coincided, when, it croflcd the equator 
on the preceding year. This difference between the 
period of the fun's going from one equinox ta the 
fame, aad the period of its going from a given ftar, 



* This is cafily determined by means of tfee common 
rule of proportion 5 for fince the fun's apparent daily motion 
performs an eritlre circle in 24 hours j therefore we fay as 
24 hours are to 360 degrees, fo are 2o' 23" to a fourth 
propojriional. 

or 
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or part of thte heavens, to the lame again, is called 
^tp'tcejftm of the equinoxes. This prcceffion in one 
year is very trifling, but the accumulation of it after 
la number of years, produces a confiderable differ- 
ence, which can by no means be palled unnoticed ; 
thus, in a hundred years (which is called rhtfecular 
fnceffim) it amounts to 1", ajV 4's"j and the dif- 
ference, which it has produced fince the ftars were 
firft obferved, and their portions were delineated, is 
very ftriking, 

Noviccs.in aftronomy do not, in general, readily 
conniprehend>thc real meaning of the preceflion of the 
equinoxes j therefore it will be neceiTary to explain 
it in a more particular manpen 

How can the fun return to the fame eqiiinox at 
the end of every year, without returning to the fame 
fpot in the heavens, or to the fame fixed ftar ? is the 
ufual difficulty. In order to clear this difficulty the 
reader muft. recollefl that the equator is a circle 
which, being equidiftant from the poles, divides the 
celeftial fphere' into two equal portions. Now, if 
the poles vcre ftatibnary, viz. coincided Conftantly 
with the fame fpots in the heavens, then the equator; 
would lilcewife pafs conftantly over the fame; fixed 
ftars, and would cut the ecliptic conftantly at the 
fame points ; for the ecliptic is an invariable circle, 
viz. it paffes always over the fame ftars. But it 
has been obfcrved. Chat the poles are fubjcdt to a 
conftant, thovigh very fmall, movement i fo that if 

at 
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at one time any one of the two points in the hea-* 
ven?, which do not revolve with the daily revolution 
of the reft of the fpherc, and which we, for that 
Teafon, call die poles, be near a certain ftar,- fome 
years after it will b,e found near fome other ftar ; or - 
in other words, the polar ftar is not always the 
fame. It appears from the refult of calculations 
cftabliflied upon the obfervations made .during fe- 
deral centuries, that the path of either of the poles 
js a circle, the pole of which coincides with the 
j)olc of the ecliptic, and that the pole will nibve 
along that circle fo very flowly, as to accomplifh 
the whole revolution in 25791 years nearly. The 
.diameter of this circle is equal to twice the inclinar 
tion of the ecliptic to the equator, viz. to about 

Now, as the ecliptic is a fixed circle in the hea? 
vens J but the equator, which muft be equidiftant 
from the poles, moves with the poles j therefore the 
equator muft be coilftantly changing its interfeflion 
with the ecKptic. And from the beft obfervations 
it appears that the equator cuts the ecliptic every 
year 50^,25 more to the weftwards, than it did the 
year before : hence the fun*s arrival at the cquinodial 
^\nt precedes its arrival at the fame fixed fpotof the . 
heavens every year by 20/ 23' ©f time, or by an 
arc of 50^,25. Thus, by little and litde, thefc 
equinoAial points will cut the ecliptic more and 
more to the weftward, until, after the long period 

of 
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of 25791 years, they will cut it again at the fame 
point precifely. 

The. 1 2 conftellations, which, as has been men- 
tioned in the preceding pages, occupy the whole 
zodiac, have given their names to 1 2 equal portions 
of the ecliptic, each portion confifting of 36% and 
each portion was marked by the fign, mark, or 
charafter, peculiar to the conftellation to which it 
belonged, or with which it coincided when the con- 
fteliations were firft noticed, at which time the ver- 
nal equinox took place in the cohftcUation of Aries, 
the fummer folftice in that of Cancer, &c. but on 
account of the preccflion of the equinoxes, the con- 
ftellations no longer coincide with thofe points \ for 
inftance, the vernal equinox is in the conftellation of 
Pifces, and the conftellation of Aries is now con fi- 
derably removed from it, and is gone nearer to the 
ftimmer folftice j and fo are all the other conftella- - 
tions removed \ yet their charaders have been left 
to denote the fame p^rts of the ecliptic f thus the 
vernal equinox is called the firft point of Aries, and 
is marked r \ and fo of the reft. 

From. what has been faid above^ it appears that 
fiot only the equinpftial points, but alfo the foliftitial 
points, muft change accordingly. 

It is now neceffary to explaix^ the civtl or com- 
mon way of reckoning the year.— It has been faid 
above, that the length of the aftral year is 36J 
.days, 6 hours, 9 , 1 2", and that the length of the 
mean tropical or folar year \& ^d^ days, 5 hours, 

48', 
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48', 49". Then, fince the feafons and the lengths ef 
days and nights depend upon the latter, it is therefore 
Batural to ule the laft, viz. the folar year, for the pur-* 
poies of civil fociety. Now as the period of that year 
does not confift of a number of entire days; there- 
' fore, beginning to reckon from any day, one year 
after that, or the new year, ought to begin when 
365 days,, 5 hours, 48V49"> ^reejapfed; and the 
next year ought; to begin when twic? that period, or 
-when 730 days, ii hours, 37', 38% are elapfedj 
which would make an enormous confufion : on the 
other hand, if the 5 hours, 48 ', 49", be neglededjj 
the accumulation of fo many neglef^ec^ 5 hours. Sec. 
after a number of years, would produce a confider- 
able difference between the folar and .the civil year 
and the feafons would not fall conftantly cun the Ikm^ 

months. 

It is eafy to obferve that the 5 hours, 48 ', 49"^! 
will amount tp nearly 24 hours, viz, to a whole day 
at ihp end of every four years. Therefore }k\X\\\% 
Ca?far, willing to remedy this irregularity, ordered 
that every fourth year Ihould have an intercalary - 
iay^ viz. Ihould confift of 566 days j whereas every 
• one of the other three years confifts of 365 days; anc^ 
ihis mode of reckoning, which has prevailed eycr 
fince, has thence been called the Julian method; 
and that every fourth or Julian year, has been uni- 
ver{aliy called Biffextite year \ in England, leap year. 
1 he additional day which that year has above every 
one of tlie three preceJing, or of the three fucceed- 
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ing yearSf was by the ancient Romans added to the 
112!^ of February ; (o that, in a leap.year they reck- 
oned thh 123d of February twice over, viz. according 
to their way of reckoning, in that year they had two 
fixth days preceding the calends of March, Hence- 
(viz, from bisfextus) that year was called a bijfextik 
year. At prefent wc add the intercolary day at the 
end of February j fo that the month of February 
has 28 days during three fucceflive yearsj but every 
fourih, or leap, year, it has 29 days. 

Thus the compcnfation would be fufficifnt, if the 
folar year confided of 365 days and 6 hours, be- 
caufe the fix hours of all the four years, amounting 
to 24 hours, would be exaftly equal to the additional 
day, which is allowed to every fourth year. But 
fincc the odd time amounts to 5 hours, 48 V 49/^ 
which is II , ii'V fliort of 6 hours j and the ac- 
cumulation of thofe 1 1', 1 1", amounts to one com- 
plete day in about 130 years ; therefore, the addition 
rfone day every four years is evidently too much, 
by 4 times 11', ii' ^ viz, by 44', 44^, or by about 
one day in 130 years. In fa£t, at the council of 
Nice (A. D. 325.) the vernal equinox fell on the 
2ift March; but the equinox continually falling 
back, it appeared at the time of Pope Gregory the 
13th, that the fun .came to the vernal equinox oi> 
the I ith of March, therefore the difference between 
the folar an3 the civil years, arpounted tq 10 whole 
days i in confequence of which the above-mentioned 

Pope 
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Pope ordered that the calendar fhould be corre6le(f| 
by taking lo whole days out of it; and according- 
ly, in the year of our Lord i^Si, the day following 

* the 4th of Odtober, inftead of being called the 5th> 
was Called the i5th j by means of which alteration 
the real equinox wis reftored to the 12 1 ft of March : 

, and in order to prevent, sts much as poflible, the like 
irregularity in future, the fame ^ope ordained, that 
every 160th year, which according to the Julian* 
inodc was to be a biffextile year, (hoiild be a com* ^ 
ttion year, viz. of 365 days j but becaufe that was 
too much, every 400th year was to remain biflcxf- 
tile. In other words, to leave out a biffextile -day 
in February at the end of every century of years not 
divifible by' four, reckoning them common yearis of 
J65 days each; fuch as the 17th century, or the 
year 1700, the i8th century, or the year i8co, &c. 
and to retain the biffextile day in February at the 
end of thofe centuries, which are divifible by 4^ 
fuch as the i6th, 20th, *24th centuries, &c. or the 
years 1 660, 2000, 2400, &c. Thus the prefent 
year 1 802 is faid to be the fixth year after the leap 
year, for the year 1800, viz. the 1 8th century, being 
not divifible by 4, was reckoned a comTnon year. 

This new form of reckoning, viz. with the juft 
and neceffary correction W{hich was ordained by 
Pope Gregory, is called the Gregoriany or the nrj;, 
ftyky and has been adopted by almoft all the en- 
lightened nations of the world. There are fome, 

however^ 
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however, who ftill reckon according to the old 
ftyle, viz.' as if no alteration had been made by 
Pope Gregory. 

What has been faid above, concerning the de^ 
viation of the true vernal equinodlial point from its 
ufual day in March, muft be likewife underftood of 
tJie other equinodial point, as alfo of the foHftitial 
points; for according.as one of them deviates fr6m 
its ufual day, fo mull the others evidcndy deviate 
from their ufual days. 
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OF THE TRITB SYSTIliC OFTHE ,WORLD> OR OF Tfft 

SOI,AR SYSTEM. 



THE apparent movements of the celeftiaJ 
bodies have been dcfcribed in the preceding 
chapter, fufEqiently to give a general and comprc- 
henfive idea of the whole. With this view, as alfo 
for the purpofe of avoiding confiifion of ideas, the 
moft minute particulars, together with, the prafti- 
cal methods of taking and calculating the fame, have 
been referved for future chapters. In that view fc- 
veral apparent irregularities have been pointed out, 
which, together with various other confiderations, 
prove that the celeftial bodies muft move in paths 
different from what they appear to perform. 

We have Ihewn in the firft chapter of die pre- 
fcnt part, that regular movements may appear to 
be very irregular; as alfo that bodies a&ually in 
motion may appear to be at reft j or, vice verfa^ 
that bodies at reft may appear to be ia motion,, 
according to the fituation of the fpedtatof . 

The evidence of our fenfes, frequently fallacious, 
and hardly ever corred, muft be fubmitted to the . 
w fuperiority 
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iluperiority of reafon and dcmonftraiion; WJien tht 
fame appearances may be produced by various dif- 
ferent caules ; tb^t caufe miift be admitted, ht^ 
Beved, or preferred, which is Warranted by rcafon; 
not that which implies an abfurdity, or which beacs 
no analogy .to the known workis of nature* Whea 
{)eribns in different boats, move in different di* 
re£bions.ak)ng the fe^ coafl:, they may at firft fi^C 
imagine that they are ilanding ftiU, and the land is 
moving s but it is eafy to conclude, that this is a 
£illacious appearance ; for, on account of the boats 
QK>ving in different diredions, the land ought like* 
wife to move in different diredbbns at the fame 
6me, which is an evident abfurdity* 

Thus alio to a fpeftator on the plane, the clouds 
feem to be as high as the moon ; but that they are 
daftly diftant >from it, is clearly proved by thofe who 
tfcend to the tops of high mountains j for they fee 
Ae clouds below their feet, at the fame time that 
the moon feems to be as much above their heads as 
v^hen they were upon the plane. 

The fun, >the moon, and elpecially the planets, 
appear to move with great irregularities round the 
^arth ; therefore it is moft probable that they move 
round fome other centre, agreeably to fome general 
laws ofnature; and analogous to the other, even 
^hat we call the meancft works of nature, which 
our utmoft endeavours always find to be ftri6tly 
conformable to, or depending on, fome fimple and 
general law. 
VOL. IV. f Various 
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Various hypothefcs have been formed, or ideal 
fyftcms of the world have been framed, for the pur- 
|>ole of accounting for the apparent irregularities ; 
the principal of which fyftems we fhall mention in 
this chapter ; but in order to ihow how far any one 
of them ipay anfwer die defired objedl, it will be 
neceflary prcvioufly to mention fome of the mod 
ftriking appearances, or difEcOlties, which they are 
intended to explain, and to obviate. 

The moon and the eight planets arc evidently 
opaque bodies, and they only fhine by rcfleftiiig the 
light which they receive from the iun ; which is de- 
duced from this, viz. that their illuminated part is 
always that which is direftly towards the fun, the 
reft being always dark. From, the appearance alfp 
of the boundary of light and ^arknefs upon their 
furfaccs, we conclude that they are /pherical or 
nearly fpherical bodies ; which is confirmed by moft 
of them having been found to turn periodically round 
their axes. 

The moon, we are led to fuppofe, keeps nearly 
within the fame diftance of the earth ; for her appa- 
rent diameter does not vary much j and from often 
repeated meafurements, it appears to be never Icfs 
than 29^ 30" i nor ever greater than 33 ^ 

The moon comes to the meridian later every 
day, cuts it at different heights, and remains a &(-* 
ferent length of time above the horizon. Its phafcs, 
or appearances of its fhining part, have already been 

defcribed. 

The 
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The planet Venus jiht brightcft of the plane ts> 
^hcn viewed through a telefcope, is found to un- 
dergo changes analogous to thofe of the moon. Her 
apparent diameter varies tonfiderably, ibmetimes 
being five or fix times greater than at other times* 
She is fometlmes found to come to the meridian 
with the fun ; it then precedes the fun, fo as to ap- 
pear to move from eaft to weft, and this precedency 
increafcs until it becomes equal to 3 hours lo', or 
to an arc of 47% 30'. At this period Venus feema 
to be ftationary for a Ihort time, after which the 
time of her coming to the meridian before the fun 
decreafes gradually, and at laft they both come to 
the meridian at the fame time. After this coinci-^ 
dence, ihe culminates later than the fun, and conti- 
nues to move apparently from weft to eaft, until (he 
comes to the meridian about 3 hours 10' latef> 
which is her greateft elongation from the fun j for 
at this period fhe ,again feems to remain ftationary 
for a fhort time, then Ihe appears again to move 
from eaft te weft, and fo on. The declination of 
Venus varies conGderably ; fometimes receding 
from the equator as much ^ 27" north or fouth 
of it. When Venus appears eafterly of the fun, fli^ 
fcts after the fun, of courfe is fccn in the evenings 
and is then called the evening Jiar. When fhe ap- 
pears weftward of the fun, (he dien rifes before the 
iiin, and bein^ feen in the morning, is called 'he ' 
fwningjiar. 
Mercury is ieldom feeiif oa account of its fliort 

F 2 diftance 
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diftance from the fun, ^hich never exceeds i hoiif 
^b' in time, or an arch of about 27* 30 '. It per- 
forms its movements jnuch quicker than Venus ; 
but, as far as has been obferved, it has been found 
to move like Venus, viz. to be fometimes direft, at 
'other times retrograde, and at its greateft elonga- 
tions from the fun, ftationary. 

The planet Mars fometimes appears to come to 
the meridian together with the fun, at other times It 
precedes or follows the fun. It is fomc time direftly 
oppofite to the fun, fo a^ to be feen on the meridian 
'•at midnight. When Mars is thus oppofite to the 
fun, its diameter is about five times greater than 
when it appears near to, and comes to the me- 
ridian at the fame time with, the fun. The ap- 
parent motion of Mars is alfo fometimes direft, or 
from caft to wefl:} fometindes retrograde. Between 
thofe changes it appears ftationary for a fhort time. 
Its phafes may be clearly difcerned through a tc- 
lefcope ; for its fhrning part is fometirnes fijll and 
round, and at other times gibbous, but neV'er homed 
'like the new moon. 

The like remarks are true with refpeft to the 
"Other planets. They being alfo dire6l, retro- 
'grade, or ftationary at different times, and, as far 
as can be obferved, (hewing different phafes> like 
^Mars. 

The pt-incipal hypothefes or fyftems of the world, 
which have been formed in order to account for 
thofe phenomena, may be reduced to three, 'which 

arc 
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^rc known by the names of. the Ptolanaicy the 
Tycbonic^ and the Cofernican^ ot Newtonian, \fyfr 
iems. 

Ptolen^^ an Egyptian philofopher, who -wrote 
about the year 140, endeavoured to eftablifli the 
vulgar ide^, which . is derived fronn firft appear- 
ances, uncontrolled by rcaCon. He fuppofcd that 
the earth W4s fixed ^nd. immoveable in the centre of 
the upiverfe^ aqd chat all t;he celeftial bodies per- 
formed their revolutions . about it in the following 
Qrder> vi^. the Mpon was next to it, tb^n came 
Mercery, Vcqus, the Sun, Mars, Jupiter, and 
Saturn \ the ocher three planets not being k'npwn a( 
that time. Beyond Saturn, he fuppofed the ex- 
iftence of various immenfe orbs, . which be called 
the (tarry firmajnent, and the cryftalline orbs under 
the names of frimum molnkf and calum empyreum i 
all which were fuppofed to turn round the earth 
once in ^4 hours, befides their having proper and. 
peculiar movements. 

If this fyftem had been true, the planets Mercury, 
and Venus ought fomeumes to have been feen in. 
oppoGtion to the fun, which phenomenon was never 
oWcrved/ I need not adduce more objedions; 
a3 they will naturally be manifelled in fpeaking of 
^ true fyftem, which was revived by the genius of 
Nicholaus Copernicus^ who was born at Thorn in. 
Pruilia, A. D. 1473, ^^^ which was afterwards 
eftabliOied upon a fafe foundation, by the incom-, 
pa4:able Sir Ifaac Newton. 

f ^ I faid 
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I faid the fyftcm revived by Copernicus ; for the 
fame had long before been introduced into Greece 
by the great Pythagoras, and his difciples, who had 
probably learned it from the wife men of the 
Eaft* 

According to this fyftem, which we (hall pre- 
fently defcribe in a more particular mannet", the fun 
^ remains immoveable in the centre, and all the 
planets, reckoning the earth one of them, move 
round it. at different diftances, and in different times. 
Mercury being neareft to' the fun ; then the others 
come in the following order with refpeft to their 
diftances j viz. Venus, the Earth, Mars, Jupiter, 
and, laftly, Saturn. 

This fyftem was adopted and retained, until 
A,riftotle, and the philofophers that came after him, 
embraced the vulgar, or Ptolemaic, fyftem j and 
their authority impofed it upon mankind, till Co- 
pernicus revived the Pythagorean idea ; and the in- 
duftry, the difcoveries, and the reafoning of almoft 
all the fucceeding philofophers, eftablifhed it upon 
the ftrongeft foundation of rational evidence. 

I have faid almoft all the philofophers, &c. ; bc^ 
caufe another fyftem, which partakes of both the 
above-mentioned fyftems, was offered to the public 
by Tycho Brahe, a very diftinguifhcd Danifh aflro- 
nomer, who has otherwife rendered efftntial fervices 
to aftronomy, and who wrote about the middle of 
the 1 6th century. This diftinguilhed chara^dter 
feems to have admired the fimplicity and the beaiity 

of f 
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of the Copernican fyftem ; t)ut a ftrid interpreta- 
tion ofi dnd his refpedt for, certain paflagcs of the 
Bible, prevented his affent to the idea of the earth's 
motion, in confcquence of which he formed the 
following fyftem. He fuppofcd the earth to ftand 
immoveable in the centre of the univerfe, and the 
fun to revolve abouc it every 24 hours : the planets 
he thought went round the i^n in their periodical 
times. Mercury being neareft to the fun, thea 
Venus, Mars, Jupiter, and Saturn, and of courj(e 
to revolve alfo round the earth. But fome of 
Tycho's difciples fuppofed the earth to have a 
diurnal , motion round its axis, and tfie fun, with 
all the planets, to move round the earth in one 
year* 

The embarra0ment and perplexity, under which 
this fyftem laboured, were too evident. The moft 
inconfiftent fuppofition was, that the planets per* 
formed their revolutions round two centres, viz. the 
diurnal round the earth, and the periodical round 
the fun. But its inconfiftencies will be naturally 
manifcfted by the following defcription of the true 
or Copernican fyftem, which foon after Tycho'« 
time was confirmed and explained in almoft all it$ 
partSj by the unanfwerable arguments and won-^ 
derful difcovprics of Repler, Galileo, Newton, an4 
Others. 

A<^cording to this fyftem, the fun, an immenfc 
globe, conftandy emitting abundance of beat and 
lighta )s dtuated in a part of the univerfe, where 

F 4 it. 
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k revolves about a centre, which centre i^wrthin iti 
furfacci and which has not been fbtifid to a^r iti 
dTiftantd from the fixed ftars. 

The planets (of which our earth is one) do^ all 
revolve about the fun at different diftances^ therc-^ 
fore in different orbits (viz. paths), and in different 
times. The comets, when they do appear, ard 
idfo found to go round the fun. The 6rder, in 
whith the plahets arc fituated with refpeft to theii* 
diftances from the fun> is as fblloWs r Mercury is 
Beai^ to the fun, Venus is the next, theii comesi 
the Eirth, Mars, Geres, Pallas, Jupiter, Saturri, 
*Ad5( laftly, the Georgian planet. 

Th^ Moon goes round the earthy ahd of coUffi 
with it, round the fun. Jupiter, when viewed 
thrdugh a |)fetty good telcfeope,' is feen to have four 
ihodns, which revolve in different paths about ir^ 
a^d go ^ith it ro&fhd the fun. Saturn alfo, whert 
"(viewed tKrotigh a powerful teleftope, is foUnid \6 
fcfe stttended by ftven moonsy which revolve in dit 
ftrtiit orbits round it, afnd go with it rotrnd the fiWi* 
Bcfides the feven moons,- Saturn is alfo found td 
have a remarkable ring, which will be dcfcribcd 
hereafter. The Georgian planet, when Vic^e^ 
throiSgh the moft powerful telefeopes, appears td 
AaVe fix moons, whith mote in different orbits 
about that planet, and go with it round the fun^ 
The fither five planets have not beeh found to have 
a!ny moons. 

- 1\it abbver-thferitioned mbons Are otherwife called 

Jat^lHUs^ 
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faidtitesy or fecmdary fknefs I their tt^Y^6\^t frimary 
fkmels being thofc about which they revolve. Alt 
the planets move from the eaft towards the weft, 
and in' the fame' diredlon do the moons revolve 
round theif primaries ; excepting tho^e of the? 
Georgian planet, which feem to move in a con-^* 
fra^y difeftion. 

B'efides the above-mentioned movements round 
thefun, the earth and moft of the planets have a rota- 
tory nrK)tion round their own axes, which motion is in 
the dircdion from eaft to weft ; and, reafoning from! 
9nak>gy, it feefh^ probable that all the planets, as 
well as the fatellites, move round their refpeftive 
^es in the fame direftbn, viz. from eaft to 
Weft. 

Befbri we proceed any farther^ it will be ne* 
cdlary to affift the learner in the comprehenfion of 
^18 fyftcm by a diagram. See fig. 8, Plate XXVI. 
which tJxHibits a view of this fyftem, as it would 
^pptat to a fpeftator fituated at a confidcrable dit- 
ianc6 above the fun, in a line perpendicular to the 
Earth's orbit. But it muft be obferved, that in this 
itgure the diftances of the planets from the fun, and 
of the fatellites from their primaries, are not repre- 
fented in thrif due proportions, which the fize of 
the plate cannot admit of; nor arc their orbits re- 
pfcfented in their true (hapes, which are ellipticaJ^ 
but fo little difFereht from circles, that, in a dia- 
gram of this fort,'thcy could hardly be diftinguifhed 
frprtl tircular paths* 

With 
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With refpcft to this figure, we need only^ obfenre 
that the motion of all the planets round the fuOf 
which (lands in the centre, is in the dircdion of the 
lettcrs^ABCDE, and the motion of the fatellites 
rpund their primaries, is in the diredion of the let- 
ters abcde. The marks or characters of fuch 

• 

planets, as have any charafter given them by the 
aftronomers, are marked upon their refpeftive or- 
bits in a line from the centre of the figure up- 
wards. The aftronomers denote the fun by the eha- 
jrader ©• 

Thus (we have faid above) would the planets 
appear to move, if the fpeftator were (ituated abp^e 
the fun in a line perpendicular to the orbit of the 
earth. But fuppofe that the Jpedator fhould be- 
fituated fidcway, viz. in the fame plane with the 
orbit of the earth, but farther from the fun than 
any of the planets j thert, it is evident, that iif the 
orbits of the planets were all in the fame plane, the 
fpedtator would fee the planets move all in the (ame 
ftraight line. This, however, is not the cafe % for 
the orbits of the planets are a litde inclined to each 
other i in confequence of which the fpeftator woukl 
fee them move backwards and forwards, in lines in** 
dined to each other, fomewhat like tbofe of fig. 9, 
Plate XXVI. 

Of the real diftarices of the fixed ftars from the 
fun, as alfo from each other, we are utterly igno- 
rant. Certain it feems, that the diftance of. the 
neareft fixed flar from us exceeds by a great many 

mi^toQS 
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millions of times the diameter of the largeft plane- 
tory orbit, as that of the Georgian planet. It is not 
in our power to fay whether the ftars are of equal 
bulks, and appear of different fizes, only on account 
of their different diftances 5 or they differ both in 
fize and diftance. Every circumftance we are ac- 
quainted with feems to (hew that they Ihine by the 
emiOion of their own light, and that therefore they 
arc of the nature of our fun. Probably each ftar is 
the centre of a particular fyftem, and has a number 
of planets revolving about itfelf, and deriving both 
light and heat from it ; but tbofc planets, if exifting^ 
are quite invifible to us. 

If it be fuppofed that each ftar is equal to our fun, 
the cxtijemely fmall diameters under which they 
appear, and which cannot be meafured with cer- 
tainty by means of any micrometer, is fufficient to 
indicate the aftonifhing diftances to which even the 
neareft ftars are removed from us. 

After having indulged our fancy in a fliort con- 
templation of fo many funs, and (b many fyftems, 
let us return to our folar fyftem, and enquire what 
retains the planets in their orbits round the fun. 

This qpeftion, which had long perplexed the moft 
learned and inquifitive philofophers, was at length 
fatisfaftorily anfwered by Sir Ifaac Newton's theory. 
A fimple but general theory, which he deduced from 
Ac known laws of nature, which he demonftrated 
ftriftly to account for all the phenomena, and 
which has been, wonderfully confirmed by all the 

fubiequcnt 
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fubfequenc aftronomical diicoveries and calcula- 
tions *• 

I (ball endeavour briefly to explain the principles 
of this theory \ but, for the comprehcnfion of w^at 
follows, the attentive reader fhould recolledt what 
has been explained in the firft volume of thefe Elc^ 
ments, refpccling the dodrine of motion, efpccially 
concerning the curvilinear motion of a body* which 
is a<Sed upon by two powers at the famje timcj, 
one of which powers is uniform, and the other 

variable* 

I. • 

Newton obferying, according to the known 
theory, that the attradivc force of the earth ads at 
all /thofe heights whiph are acceflfiblc to us, and that 
it decreafes in proportion as the fquares of the dif- 
tanCcs increafe, naturally conjcdurcd that it might 
ad at all other diftances under the fame law of dc- 
cretnent \ therefore the force of that attradion at any. 
given diftance being known, one may eafily calcu- 
late the quantity of that force at any other given 
diftance. 

Newton likewife, obferving that the attradion is 
niutiial amongft the terreftrial bodies, juftly fuppofcd 
that all the bodies of the fyftem might mutually at- 
trad each other, their attradive forces being as the 
quantities of matter diredly, and the fquares of the 
diftances inverfely. 

Now if this attradive property alone had cxiflcd 
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In the world at its creation, it is evident that, fooncr 
or later, according to their diftances, the planets, 
bothpHmary arid fecondary, would have afl been 
drawn witli an accelerated motion direftly towards 
the fun, which is by far the largeft body of the 
fyftem J and the whole would have coalefced in one 
body. Therefore Newton fuppofed that at the 
creation each planet was impelled by a fingle ftroke, 
fuch as would by itfclf conipel it to move at fomc 
uniform rate in a ftraight line for ever, in adireftion 
perpendicular to that of the fun's attraftion; pro- 
vided it moved in an unrefifting medium, or with a 
proportionate retardation in a refifting medium *. 

Now thofe premifes being admitted, it neceflarlly 
follows, that the adion of both powers, (viz. of the 
attraflivc force which afts unremittedly, and of the 
above-mentioned impulfe) would compel each pla- 
net to move in a curve line concave towards the 
common centre of'attraftion, wliich centre muft 
be within the fun, in confequence of the great fize 
of that luminary f . 

With thofe principles Newton began to calculate 
and ftriftly to demonftrate, the confequences which 
muft neceffarily arife therefrom, and proved that 
the periods, the, diftances, the velocities, and the 
very Ihapes of the planets, fuch as had been ob- 
fcrved by aftronomers, were conformable to thofe 



* The medium through which the planets move, if not 
V^tc unrefifting, muft very nearly approach that ftate. 
t See the 9th chapter of the firft part of thefe Elements. 

principles. 
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principles. The apparent inequalities of the motfons 
of the primary planets, of the fatcllites, and efpecially 
of our moon, are all depending on the fanfie j and it 
IS wonderful to remark, that every aftronomical 
difcovery or terrcftrial meafurement, made fince 
Newton's time, has been found conformable to his 
theory. 

Thus, we have drawn a concife, comprehenfive, 
but fupcrficial (ketch of the folar fyftem. It is now 
lieceflary to enter into a more particular examination 
of its parts. — The fizes, fhapes, and movements of 
each primary as well as fecondary planet j their 
diftanccs from the fun and from each other 5 their 
phafes, their mutual dependence ; and the beft prac- 
tical methods of afcertaining thofe particulars, will be 
defcribed in the following chapters. 
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CHAR IV. 



DEFINITIONS, AND GENERAL LAWS, RELATIVE TO 

- THE PLANETS. 



VENUS and Mercury certainly furreund the 
fun, and their orbits are included within the 
earth's orbit; whence they are called the inferior 
fhmets. 

That they really furround the fun is evident from 
their having been fcen foaietimes before, then on one 
fide, then beyond, the fun, (which is proved by the 
diminution of their apparent fize, and by their difap- 
pearing behind the fun) after which they are fcen on 
the other fide, &c. When they are before the fun, 
they generally are above or below its difc j but fome- 
times they appear like dark fpots over the difc itfelf 
of the fun. 

That their orbits are within the orbit of the earth 
is alfo evident j for otherwife they would fometimes 
be feen in oppofitim to the fun ; viz. would appear 
to rife from the horizon when the fun appears to 
fct, which is never the cafe. 

On the contrary, the orbits of all the other pla- 
nets include that of the earth i whence they arc 

called 
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called the fuperior planets ; and, in fa<?t, at prop^f 
periods, they arc feen in oppofttion to the fun, vit. 
th^y are feen to rife when the fun appears to 
fet ; or they are feen upon the meridian at mid- 
night. 

That the orbits of the planets are fo fituatcd i» 
^fo proved from the appearance of their luminous 
faces J for of that half of each planet, which is illu- 
minated by the fun, we can only fee fuch a portion 
as the above-mentioned fituations of , their orbits can 
poffibly admit of. Thus, when Venus V, fig. ip, 
Plate XXVI. is nearly in cmyunStton with the fun S, 
▼iz. is feen from the earth T, in the fame part of the 
heavens, her bright face appears full and round; 
becaule all her illuminated face is turned towards us« 
On the contrary, when Venus is nearly between the 
earth and the fun, as at -z;, then its bright face is turned 
entirely from us, in confequence of which fhe diC- 
- appears, or is feen like a dark fpot upon the difc of* 
the fun. When Venus is riot quite between us and 
the fun, then Ihe appears horned like the new 
moon, or more or lefs illuminated, according to it$ 
(ituation. 

The fuperior planets are never feen horned, be- 
caufe they can never get between the earth and the 
fun, nor nearly fo. Thus Mars M, whofe orbit 
includes that of the earth T, and includes likewifc 
the fun, always preferves a full and Ihining face, as 
-at M or »i ; but when it Hands at O or P, it appears 
A little gibbousj or fomevrfiat deficient from fulL— 

The 
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The fame thing may be Aid of the other fuperior 
planets. 

All the pknets^ the earth included^ move in el- 
liptical orbits» though not much different from cir« 
cles ; and the fun is (ituaced at, or near to, one of 
the foci of each of them. That focus is called the 
,Umir focus. If we fuppofe the (Jane of the earth's 
orbic^ which cuts the fun through the centre, to be 
extended as &r as the 6xed ftars, it will mark among 
them a great circle, which is the ecliptic ^ and with 
which the fituations of the orbits of all the other 
plaaets are compared/ A trajeSiory is the curve 
path io general of any celeftial body, 

The planes of the orbits of all the other plancti 
do alio pafs through the centre of the fun ; but if 
extended as far as the fixed ftars, they form circles 
di&rent from one^another, as alfo.from the eclip* 
tic i one part of each orbit being on the north, an# 
the other on the fouth, fide of the ecliptic. There* 
fore the orbit of each planet cuts the ecliptic in two 
oppofice points, which are called riic'^odes of that 
particular planet ; and the nodes of one planet cut 
the ecliptic in places different from the nodes of 
another planet. A line which pailes from one of 
the twp nodes of a planet to the other, or the line^ 
in which the plane of < the orbit of that planet cuts 
die plane of the ecliptic, is called the line, of nodes. 
That node, where the planet pafies from the fouth 
to the north fide of the eclipdc b called the afcend^ 
mgnodCf and the afironomers det^ote it by the Cha^ 

roU iw. o ra£tcr 
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ra(fler e • The other node is called, the defcending 
nodcy as is denoted by the charafter e« 

The angle, which the plane of a planet's orbit 
makes with the plane of the ecliptic, is called the 
inclinaticn of that planet's orbit. 

A perpendicular being let fall from a planet to 
the ecliptic, the angle, which is formed at the fun, 
by two lines, one drawn from the point where the 
perpendicular falls, and the other from the earth to 
the fun, is denominated the angle of commutation. 
The line between the above-mentioned point where 
the perpendicular falls, and the fun or the earth, is 
called the curtate diftance from the fun or frt>m the 
earth, 

A line drawn from the lower focus of a planet's 
orbit, (viz. where the fun is) to either end of the 
conjugate axis of its t)rbits (which line is equal to 
fealf the trahf\^rfe axis) is called the mean diftance of 
that planet. But according to fome authors, the 
mean diftance is a mean proportional between the two 
axes of that planet's orbif. 

The pittance of either focus from the centre of the 
elliptical orbit, is called its ^^r^/nV//y. 
* ' The apjesy or apftdes^ are two points in a planet's 
orbit, which are fartheft and neareft to the fun; the 
former of which is called the higher apjisy or aphe- 
lion; the latter is called the lower apjis,. or the feri- 
helion. The diameter, which joins thole two points^ 
is called the line of the apjides, and is fuppofed to 
pafs through, the centre of the fun. They arc rtot, 
however, always in the fame ftraight line which paflf« 

through 
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through the fun s for they are foinedines out of a 
right line^ making an angle greater or lefs than 
iSo""; and the difference ^om iSo"" is called the 
flM/MMT rfthe line of the afjides. When the angle is 
\c& than 1 80% the motion isiaid to be in anteceden- 
tia ^ viz. contrary to the order of the figns of the 
ecliptic When the angle is greater than 1 8o% th<^ 
motion is faid to be in confequeniia, or in the order of 
the figns. 

When the fun and the moon are neareft to the 
earth, they are faid to be in perigee. — When at their 
greateft diftance from the earthy they are (aid to be 
in apogee. 

The argument of latitude is the angle formed in the 
planet's orbit9 at the fun, by two lines, one of which 
comes from that planet, and the other from its af- 
Cending node. 

The true anomafy^ ori as is fometimes called, the 
equated anomaly y is the angle at the fun, ^hich is 
formed by tht radius veSor, or line drawn from the 
fua to the planet, and the line drawn from the fun to 
^e aphelion of the planet. The mean anomaly is the 
angular diftance of a planet from its aphelion (taken 
at (he fame time with the true anomaly ), fuppofing 
it to. move uniformly with its mean angular velo- 
city. The difference between the true and mean 
anomaly,^ is called the equation of the centre^ or the 
froflbapberefis. ^ 

/* If a circle be fuppofed drawn on the line of the 
apGidcs as a diaineteri and through the place of the 

c 2 planet 
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pltnet a perpendicular to the Ime of the apfides> be 
drawn till it meet the circumference of the tircle i 
then the angle formed by two lines^ one drawn from 
the centre of the planet's orbit to the aphelion, and 
the other to the point where the perpendicular 
through the planet's place, interfedis the circ^m* 
ference of the circle, is called die aecentric miamaifi 
or the oHomafy if the centre.** 

The direS motion of a planet, as feen from the 
earth, is when it appears to move from weft to 
eaft, VIZ. according to the order of the figns, or in 
confequentia. Its retrograde motion^ or motion iq m- 
tecedentia'y is when it appears to nnyve from eaft to 
-weft, viz. contrary to the order of the iigns* But 
when the planet feems to reniain a certain time in 
the iame place, it is then faid to b^ftattonary. 

When feen from the earth, it is evident that 
the inferior planets muft have two conjunAions with 
the fun, and that they muft be dirtd in their fupc- 
rior omjunAions, retrograde in their inferior con-* 
junftions, and ftationary fonfie time before and after. 
But the fuperior planets are dire& at the time rf 
their conjun6bion with the fun, retrograde at the 
timecf their oppofition^ and ftationary fometime 
before and after their oppofition. 

** The apparent velocities of the planets, whether 
dired: or retrograde, are accelerated from one of die 
ftationary points, to the midway between that and 
the following ftationary point; from thence tbcy 
are retarded until the neitt ftation. Thdr greateft 

direft 
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diirft velocity is in dicir conjunftions, and their 
greatcft retrograde velocity is in the oppofition of 
the fiipcrior pUnets, and in die lower conjunftion of 
the inferior planets/' 

The inferior planets appear fmallcft in their dj- 
rcft nnotion, and largeft in their retrograde mo* 
rion. The fuperior planets appear largeft in their 
oppofition to the fun, and fmlUeft in their con- 
junftion. The inferior cannot appear to go ferther 
from the fun than the angle which thcTadius of their 
orbit fubtends at the earth. 

Even when feen from the fun, the planets do not 
appear to move equatbly in their orbits. - In othei: 
words die real movements of the planets, (the earth 
being one of them) are ndt equable in their orbits ; - 
for in fomc parts of their orbits they move fafter, 
or percur a greater (pace, than in others, though 
they always move the fame way. But thofe which 
at firfl fight may appear to be irregularities, will, 
upon flrift examination, be found regulated by cer- 
tain general, conftant, and admirable laws ; the prin- 
cipal of which are as follows : 

I. If a flraight light be drawn from a planet to 
the fun, and this line be fuppofed to be carried along* - 
*by the periodical motion bf the planet, then the 
areas,^ which are defcribed by this right line and the 
path of the planet, are proportional to the times of 
the planet's motion ; for inftance, the area thus dd- 
icribed in two hours is the double of that which is 
defcribed in one houf, and a third part of that which 
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It defcribed in fix hours ; though the arc which is 
defcribed by the planet itfelf in two hours, is not 
the double of the arc which is defcribed by the 
fame in one hour ; nor the third part of that which 
is defcribed by thp fame in fix hours. 

.II • The planets are at different diftances from 
the fun, and perform their periodical revolqcions in 
different times ; but it has been found that the cubes 
of their diftan,ces« or of the principal axes of their 
elliptical orbits, are cpnftantly as the fquares of their 
periodical times \ viz. of ttie times of performing 
their periodical revolurions. 

Thole two remarkable propofitions are called 
Kepler's laws j becaufe Kepler was the firft, who, 
by a careful examinatioa of the diftances and pe- 
riodical times of the planets, found them out ; but 
it was Sir I. Newton, who demonftrated them on 
the principles of attnaftioh, &c. according to his 
theory*. 

This Wonderful harmony, which has been found 
to regulate the motions of the planets round the 
fun, as alfo to regulate the motions of the iatcllites 
round their refpedlive primaries i and the want of 
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• The above-mentioned propofitions, together with what- 
ever relates to the velocities, &c, of bodies revolving in 
curves, round a centre of attratSbion, as the planets do round 
the fun, are demonftrated in the theory of curvilinear mo- 
tion, which the reader will find in the firft volume of thcfe 
£lements, p. 138, and following./ 

all 
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all • forts of regularity^ when the funft^nd planets 
are fuppofed to turn round the earth as a cen- 
trc, are quite fufficicnt to confirm the Coperni- 
can (yftcm, were we even- in want of any other 
proofs. 

I (hall endeavour to render the principle of 
this grand theory ; namely^ the umverfal attraffion, 
more intelligible to beginners, by means of the fol- 
lowing familiar explanations and examples. 

The centre of attraction of the folar fyftem, which 
has been faid to be within the body of the fun^ muft 
not be confidered as a point endued with the attract 
tive power; but it moft be confidered as the point 
of equilibrium between all the bodies of the folar 
fyftem. The point of equilibrium between' the fun 
and any one planet^ is nearer to the centre of the 
fun than to the centre of the planet, by as much as 
the bulk or attractive power of the planet is lefs 
than the bulk or the attraftive power of the fun. 
Now, call this the fiHt centre of equilibrium, then, 
if we confider a fecond planet, the centre of equili- 
brium between the firll centre and this planet, wil^ 
be nearer to the firft centre than to the planet, by as 
much as the attractive force of the fecond planet is 
lefs than the combined attractive force of the fun 
and firft planet. .Thus we may take into the ac* 
eouBC a third planet, then a fourth, &c. Laftly, 
the ^mmon centre of attraction of them all will be 
found to be within the body of the fun^ becaufe the 
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bulk of the^ i^ vaftly bigger dum that of all the 
planets put together. 

The attraiaive forces are not only to be observed 
between the planets and the fun^ but they are mu- 
tual and .proportional between them all ; fo that the 
planets attrad each other ; and9 in ftdj- when they 
come near^ they fenfibly difturb each other's motioiu 
The primary planets actrad their (atellites» and the 
latter attrad the former. The moon raifes tides in 
the oceanj in confequence of its attr«dbi»> &c. 

The mutual attradion of bodies is &miliarly illu« 
firated by the. exam pie of a boat and (hip upon 
water^ and tied by a rope> whence a ftrong evi« 
dence of the true fyftem is derived* ^^ Jjtt f^ man 
<' either in a (hip or boat pull the rope (it is the 
'* fame in effed at which end he pulkx for the rope 
'^ will be equally ftretched throughQut) the ihip 
*' and boat will be drawn towards one another i bujt 
'' with this difierence^ that the boat will move as 
<< much &ftct than the ihip> ^s the (hip is heavier 
** than the boat* If the fhip is looo Qr loooo 
'* times heavier than the boat, the l:^t will be 
<* drawn lOoo or loooo times fatter than the fliipi 
and meet proportionably nearer the place from 
which the Ihip fet Out. Now, whilft one, man 
pulls the rope, /cndeavourmg to bring the Ihip 
and boat together, let another man in the boat 
" endeavour to row it off Tideways, dir at rights 
^* angles, to the rope j and the former^ infteftd of 
<* being able to draw the boat to the Ihip, will 
- 3 •^find 
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^ find it enough for him to keep the boat from 
" going farther off; whilft the latter, endeavouring 
^' to row off the boat in a ftraight line, will, hj 
^ mcam of the others pulling it towards the fhip, 
*^ row the boat round the fhip at the rope's length 
** from her. Here the power employed to draw 
*^ the Ihip and boat to one another, reprcfents the 
^. mutual attradton of the fun and planets, by which 
the planets would fall freely towards |£e fun with 
a qiBck motion, and would alfo in falling lattradt 
^ die fun towards them. And the power em« 
^ ployed to row off fhe boat, reprefena the pro- 
^ jeftile force impreffed on the planets at right- 
^ anglesy or nearly fo, to the fun's attra&ion ; by 
which means the planets move round the fun, 
and are kept from falling to it. On the other 
hand, if it be attenspted to make a heavy fhip go 
*'- round a light boat, they will meet fooner than the 
^^ flitp can get round, or the fhip will drag the boat 
** after it. 

«* Let the above principles be applied to the fun 
^* and earth, and they will evince, beyond a poffi- 
•* bility of doubt, that the fun, not the earth, is the 
•^ centre of the {y^tm ; and that the earth moves 
^' round the fun as the other planets do» 

** For, if the fun moves abqut the earth, the ' 
** earth's attraftiye power muft draw, the fun to- 
" wards it from the line of projeftion, fo as to 
*' bend its motion into a curve. But the fun being 
at jeaft 227000 times as heavy as the earth, by 
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V being fo much weightier as its quantity of matter 
" is greater, ittnuft m6v6 aaycxJo times as flowly 
** toward the earth, as the earth does toward the 
^* fun; and confequently the earth would fall to the 
*^ fun in a (hort time, if it bad not a. very ftrong 
*^ prbjeftile motion to carry it off. The earth 
** therefore, as well as every other jdanet in the 
** f)rftem, muft have a reftilineal impulfe to prevent 
its filing into the fun. 

There is no fuch thing in nature as a heavy 
^^ body moving round a light one as its centre of 
*' motion. A pebble faftencd to a mill-ftone by a 
firing, may by an cafy impulfe be made to circu- 
late round ^the mill-ftone; but no impulfe can 
'^ make a mill-ftone circulate roun^ a k>ofe pebble, 
^^ for the mill-ftone would go off, and carry the 
^* pebble along with it, 

^' The fun is.fo immenfely bigger and heavier 
•* than the earth, that if he was nwved out of his 
*' place, not only the earth, but all the other planets, 
** if they were united into one mafs, would be car- 
^* ricd along with the fun, ^s the pebble would be 
^ with the mill-ftone." * 

.1 fliall conclude this chapter with a very plain and 
familiar illuftration of the planet's elliptical orbits, 
taken from lh,e fame laft quoted author, for the lake 
of thofe readers who are not qualified to read the de- 



* Fergufon's Aftronomy, Chap* III. 

monftrations 
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monftrations of the theory of curvilinear motion, as 
given in the firft volume of thefe Elements/ 

« If a planet at B, fig. i. Plate XXV 1 1, gravi- 

" tares, or is attrafted toward the fun S, fo as to 

*' fell from B to j^ in the time that the projedtilc 

** force would have carried it from B to X, it will 

" defcribc the curve B Y, by the combined aftion 

'* of thefe two forces, in the fame time that the 

*^ projeftile force fingly would have carried it from 

** B to X, or the gravitating power fingly have 

** caufed it to defcend from B to jk ; and thefe two 

^* forces being duly proportioned, and perpendicular 

^* to each other, the planet, obeying them both, 

'* will mbve in the circle BYT U». 

" But if, whilft the projeftile force would carry 
the planet from B to if, the fun's attraftion (which 
conftitutes the planet*s gravitation) Ihould bring 
it down from B to i, the gravitating power would 
then be too ftrong for the projedile force ; and 
would caufe the pjanet to defcribe the curve 
B C; When the planet comes to C, the gravi- 
{ ** tadng power (which always increafes as the 
i ** fquare of the diftance from the fun S diminifties) 
i\ ^ will be yet ftronger for the projeftile force ; and 

** « 1 

> 

^ * To make the proje£lile force balance the gravitating 
P<^er Co exa^ly, as that the body may move in a circle, the 
Projedile velocity of the body muft be fuch as it would have 
Quired by gravity alone, in £dling half the radius of the 
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** by confpiring io fomc degree therewith, wUl ac^ 
<* celerate the planet's motion all ;he way from C 
*' to K, caufmg it to defcribe the arcs B C, C D, 
" DE, EF, &c. all in equdl times. ^ 

^' Having its motion thus accelerated, it thereby 
<* gains fo much centrifugal forCe, or tendency to 
" fly off at K in the line K )t, as overcomes the 
** fun's attradtion ; and the centrifugal force being 
" too 'great to allow the planet to be brought nearer 
** the fun, or eycn to move round him in the circle 
^^ Klmn, &c. it goes off, and afcends in the curve 
*' KLMN> &c. its motion decreafing as gradually 
** from K- to B, as it increafed from B to K^ be- 
^^ caufe the fun's attraftion now ads againft the 
'* planet's projectile motion, juft as much as it 
*« aded with it before. When the planet has got 
" round to B, its proje6li|e force is as much dimi- 
*' nilhcd from its mean ftate about G or N, as it 
^ was augmented at K ; and fo the fun's attradion 
** being more than fufficient to keep the planet 
" from going off at B, it defcribes the fame orbit 
^ over again,, by virtue of the fame. forces or 
" powers. ' . _ 

'^ A double projeftire force will always balance 
" a quadruple power of gravity. Let the plancc 
** at B have twice as great an impulfe from thence 
*' towards X, as it had before ; that is, in-the (amc 
- *' length of time that it was projeded from B to h^ 
*/ as m the laft examplcj^ let it now be projeficd 
*^ from B to f 5 and it will require foUtv times a$ 
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^^ much gravity to retain it in its orbit; thac is^ it* 
^ muft fall as far as from B to 4, in the cintie that 
** the projcftilc force would carry it from B to r j 
** othcrwife it would not dcfcribe the curve BD, as 
** is evident by the figure. Bur, in as much time 
^ as the planet moves from B to C in the higher 
^ part 0/ its orbitj it moves from I to K, or from 
** K to L» in the lower part thereof j bccaiife> from 
** the joint, aftion of thefc two forces, it muft al- 
*^ ways defcribe equal areas in equal times through- 
" out its annual courfe. . Thefe areas are repre- 
*« fented by the triangles BSC, CSD, DSE, ESF, 
•* &c, whofe contents arcxcqual to one another, 
^ quite round the figure. 

" Should it appear ftrange, that when one of the 
" two forces has got the better of the other, it ftiould ' 
" not continue to carry the planet on 'in its direc- 
" tion ; the difficulty will be removed by confider- 
** ing the efiefts of thofe powers as defCribed in the 
'* preceding paragraphs. Suppofc a planet at B to 
** be carried by the projedile force as far as from 
** B to ^, in . the time that gravity would have 
" brought it down from B to i r by thefe two 
" forces it will defcribe the curve BC. When the 
** planet comes down to K, it will be but half as 
** far from the fun S, as it was at B ; and therefore, 
'* by gravitating four times as ftrongly towards him, 
** it would fall from K to V in the fame length of 
" time that it would have fallen from J3 to i, in the 
^ higher part of its orbit, that is, through four times 

" as 
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•* as much fpace ; but its projc6lilc force is then fo 
** much increafcd at K, as would carry it from K 
" to k in the fame time ; being double of what it 
was at Bj and is therefore too ftrong for the gra- 
vitating power, either to draw the planet to the 
<^ fun, or caufe it to go round him in the circle 
^' Klmn, &c. which would require its falling from 
*^ K to w, through a greater fpace than gravity can 
'* draw it, whilft the projeftile force is fuch as would 
*' carry it from K to /& ; and there fo^^e the planet 
" afcends in its orbit KLMN, decreafing in its ve- 
«* locity for the caufes already affigncd." 



I 95 ] 



CHAP. V. 



OP THE MOTION OF THE EARTH ROUND THE SUN, 
AS ALSO OF THE MOTION ROUND HER OWN 
AXIS. 



IT has been flicwn in the preceding pages, that, 
on various accounts, the earth, analogous to the 
reft of the planets, * moves round the fun, and not 
Ac fun round the earth. It is now neceffary to cx- 
^n^ine the various particulars which belong to that 
lotion, and to (hew that the phenomena are the 
^^mcas if the fun moved round the earth after the 
apparent manner which has been defcribed in the 
Second chapter of this part. 
The real motion of the earth is in an ellipfis, 

near one focus of which the fun is fituated *. 

If 



* According to De la Landc's determination, if we reckon 
^ne tranfverfe axis of this elliptical orbit equal to 200000, 
^^ the mean diftance of the earth from the fun, viz. from 
^c focus, in which the fun is fituated; is looooo ; and the 
^centricity of its orbit is 1681,395. 

According to the beft eftimates in' round numbers, the 
^can diftance of the earth from the fun is 95 millions of 

miles J 
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If we fuppofe that the plane of the earth's prbit 
be extended as far as the fixed ftars^ it will there 
mark a circle, whicb is the ecliptic^ and fo im- 
menfely great is the diftance of the fixed ftars from 
the folar fyftem, that whether the earth be in one 
part or another of its orbit, the ftars will conftandy 
appear to have the fame order, relative ficuatioo, 
and magnitude. 

Since the plane of the earth's orbit pafles through 



miles ; the tranfvcrfe axis of its elliptical orbit is twice that 
diftance, viz. is equal to T90 millions of miles, and the ex- 
centricity is 1597325 miles. 

Dr. Keiil, calculating the true anomaly, on the fuppofi- 
tion that the tranfverfe axis of the eartlv*s orbit is to the ex- 
cehtricky as looooo to 1691, Tound it equal Co 29^ v 

54 • ^ ' 

The greateft equation of the centre (viz. the difference 

between the true and mean anomaly), according to Dr. 
Ma(kelyne*s determination for the year 1780, is i** 55' 
30^^,9. It is generally allowed that this eqliation and the 
j^xcentricity are fubjeft to a regular diminution. 

The earth's aphelion at prelent is when the fun is in 8* 
40' 12'' of 2o» and the increafmg annual motion of this 
aphelion- according to the bed obfervations, is about i' 
0!'. And the preceffion of the equinoxes being about 50^,25 
annually, we (hall have 11 '',75 for the adual motion of the 
aphelion. The time required by the fun to pafs over ii^'jjS 
of longitude, being added to the ftdereal year^ will give 
365** , 6% I4', 2", for the ammlijiic year^ or the time oc« 
cupied by the earth in revolving from aphelion to aphelion. 
Mr. O'Gregory's Aftronomy, §. 316. 

the 
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the fun^ it follows that^ whilft we inhabitants of the 
earth, fee the fun in the direftion of a certain point 
of the ecliptic, an obferver in the fun would fee the 
earth in the dircftton of the oppofite part of the 
ecliptic 5 thus, irt fig. 1 1. Plate XXVI. S repre- 
fents the fun, A BCD is the* orbit in which the 
earth maves from the weft to the eaft, fo as to per- 
ioral the entire revolution in the compafs of one 
year. The external circle is the ecliptic, with the 
12 figns nnarked upon it. Now a fpedatof at S 
will perceive the earth at A, as if it coincided with 
the fign c^* When the earth is at B,'the fame fpec* 
tator will perceive it to coincide with 23 j and/fo 
on. But an inhabitant of tiie earth, when the earth 
18 at A, will fee the fun as if it were at «ft, and when 
the «arth is at B, he will perceive the fun as coin* 
ciding with >f> &c. It is evident frooi the figur^, 
that whether the fun be fuppoied to move round the 
^rarth, or the latter round the former, the apparent 
-annual motion of the fun along the ecliptic muft be 
tkadly the fame^ 

Befides the above-mentioned annual motion, the 
earth has a motion round its own axis, which pro* 
iduces the viciifitudes of day and night, whence it is 
called the diurnal rotation ; and which is analogguji 
to the movements of the other planets j for, of the 
other planetis, thofe which, from their having fpots 
upon xheir furfaces, may be feen to move, haVe been 
found to have a fimjilar motion round their own 

VOL. ly. H a«S| 
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axes, as will be more particularly fpecificd here^ 
after. 

This diurnal motion of the earth rouod its own aii^ 
(viz. round ail imaginary line) is p^rfontoed from 
the weft towards the^ eaft in 24 houi;s s and every 
point of its furface mud defcribe a whde circle in 
the fame time, excepting the two points which art 
at the extremities of the axis, viz. the .poks. The 
different parts of the earth's furface muft. like wife 
defcribe larger or fmaller circles, ticcording as they 
are nearer to, or farther from, the poles ; thofe 
parts> which are equidiftant from the poles, defcrib- 
ing the largeft circle, which circle is tlie equator^ 

Now, as a fpeftacor on the furface of the earth 
muft turn with it in the direftion from thp weft to* 
wards the eaft, it is evident that all the bodies of the 
oniverfe which do not adhere to the earth, muft ap- 
pear to turn in a contrary dire£tion> viz. from the 
eaft towards the weft ; and thofe celeftial bodies, 
^hich are diredly over the equator of the earth, muft 
appear to defcribe the largeft circles, whilft thofe 
which are diredtiy over the poles of the earth, muft 
eppear. to remain immoveable ; hence we attribute 
to the ftars, or to the heavenly fphcre, the fame axis, 
poJ^ eqtiartor> &c. as if that fphere turned, and die 
earth ftood ftilL 

In confcqucnce of this' rotatory motions of die 

tou-th^ and becaufb the parts of it, which, being 

nearer to the equator, defcribe larger circles, and of 

!2 courfc 
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cJcMirfe have a greater centritt^I Ibrce ; die equato*^ 
rial pares of the tardi are more removed ^xmi its 
centre^ io as to give the earth the figure of an ofolate 
jrphejx>i<i *• And fuch is the cafe with the other 
j^aers s vi:l. their equatorial ^ameter is krger than 
cheir polar diai:Qcter^ whence they are alfo found to 
baVe an oblate fpheroidical figuie, whidi a£Fords a 
mod finking corroboration of the earth^s diwnai 
rotation f. 

I need h9i:d}y add tliat any given part of the 
eartb^s fijiface has day light, pr nighty according as 
k is tumed towards the fuQ> or from it ; for tjiat 
half of the earthy which is towards i^e ias\y is^iliu^ 
niinated» and a line drawn from the centre of the 
iKSSi to the centre of the eartbj is {perpendicular to 
the circle of the interileftion of light and fliadow; 
hence} when a fpeiSfcator on any particular part of the 
fuiiace of the earthy arrives at chat circle io its way 
towards tiie fun,, and begins to di&over the ibn^ 
he imagines that the ibn is i-ifing above his hori-* 
^^oni&:c> 



* See the iiril volume pf ihefe EleaeotS} p. 315. 

f If it be aiked^ whence dpes ibe earth derive its diurnal 
rotatory csotion ? The anfwer is^ that probably the earth 
derived it from its haviog received that original impulib 
wbicb counteraQs the fun's attradion, not in the dij>efi:ipfi 
qf kscent]:e, but on qne fidoof it, S^ die firft vdumc oP 
(heft Elements, cbap^ YIU* 

Ha If 
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" If the axis of the earth had been fituated in a pb- 
fition perpendicular to the plane of the earth's brbir, 
•which is the fame as the plane of the ecliptic, the 
circle of the interfeftion of lis^ht and darkhefs would 
have evidently pafled through the' poles of the earth," 
and of courfe the days would have been conftantly 
equal to the nights. But the cafe is, that the axis 
of the earth is inclined to the plane of the ecliptic^ 
and mkkes an angle with it of about 66* 32^ 
Therefore the plane of the crfipticdoes not coin- 
cide with that of the equator, but muft nwke an 
angle with it of 23% 1%' (viz. an angle equal td 
the conipkment, or to what (i^"* 32' Wants, of 

/ ' This inclination of the axis, or of the ecliptic, 
varies a Kttle as it ought to do, agreeably to the 
•Newtonian theory*. In the year 1736, Dr. Maf- 
kelync determined the Miquity of the ecliptic ^ as Jt 
is called, so be 23% 28', 10'^^ and it ap^eafrs that 
it dtminiflics at the rate of 50*' rn a century, or 
half a fecond in a year. But to prevent obfcurity^ 



» About 2100- years ago, Pytheas found the obliquity of 
the ecliptiq to be 23», 49'^ 30^. about A. D. 8*80^ AilJa- 
^egnius found it equal to 23^, 35', 40''. A. D. 114.0* 
Almaeon found it equal to 23% 33', 30". A. D. 158. 
Tycbo Brabc found it equal to 23% 29^, 30". A- t)« 168^, 
Flatnfteed found it equal to 23% 28^, 56'^ and i\.D, 1736* 
Condamine found it equal to 2^% 28', 24^ 

let 
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let us ncgleft this trifling variation, and in the,fgl- 
lowing illuftration, let us confidcr this inclination 
of the axis, as if it were coqftantly the fame. 

Then the axis of the -earth, bcfidcs its retaining 
(be fame inclination towards the plane of the eclip- 
tic, does alfo remain always direfted to the lannp 
ftar ; .or in other words, if a line bjs d/awn parallel 
to that axis whilft the earth; is in any part of it^ 
orbit, then, when the earth is \\\ $|iy other part pf 
its orbit, the axis will always be parallel jtp |hat lin^ ^ 
cxc^epting a regular and fmall variation. 

Now the various feafons of the year and various 
lengths of days and nights, are owing to the above- 
mentioned inclination of the axis to the orbit, and 
to that axis moving round the ecliptic in a direction 
parallel to a line nearly inrimutable. The preccflion 
pf the €:<|uifloxes is owing to the ^ft-jnentioned 
i(iliaU variation. The cffedls, in (hort, are the fame 
as hjive be;en explained in the chapter," where thp 
phenomena weric dcfcribed on the fupppfition that 
the earth ftood immoveable, and the ccleftial object^ 
moved round it ; yef it lyill be neccflary to Jlluftrat^ 
thofe ^0e(3:s on the true theory, by means of a dia- 
gram or two. 

Fig. %. Plate XXVII. reprefents the earth in . 
different parts of its elliptical orbit j the fun S bp- 
iog in one of its foci. The fpedator is fupppfed to 
be without the orbit of the earjth at a confiderabl? 
diftance, a|id to look upon it obliquely. 
In the; fifft pjacc it is ojbfervable, that whether 

^3 ^^ 
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at A, or at C, or B, or D, the axis oF the twh \i 
always direfted the fam« way, viz, the dircAions of 
the axis in all thofe fituations of the earth, are all 
parallel to each other. The fmall deviation which 
produces the preceflion of the equinoxes, will be 
taken notice of in the fequeL 

In the fecond place it fliould feem, that, on ac« 
count of the above -nientioncd co»ftant diredkion of 
the axis, if, when the earth b at B, its axis is di- 
rcfted towards a certain liar E^ thcn^ when the 
earth is at A, it ought to point towards fonne other 
ftar F, the diftancie of which froni E muft be equal 
tor the tranfverfe axis A B of the carth*s orbit. The 
apparent diftance of tbofe ftars is meafurcd by the 
angle EAF, which, on account of the parallelifm of 
the lines EB, AF, is equal to the angle BEA» 
which is the angle under which ^he orbit of the 
earth would be fcen from l^i hence the angle AEB^ 
or EAF, is called the parallax of the gr^at orhit. 

It is eafy to conceive that the farther the points 
E and F are from the earth*s orbit, the fmaller iniift 
the angle EAF> or BEA, be. Now fronfi the mod 
accurate. obfervations, it appears that this angle is 
lefs than one minute j and it is not known how 
much fmaller it really is j hence we may perceive 
that the diftance of the ftars is aftoniftiingly great*. 

The 



* If the angle AEB, or its equal the angle EAF, could 
be known with certainty, the diftance of the ftars would 

be 
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The caufe of * the inequalities of the days ^nd 
nights at different times of the year>, as alfo the dific 
ferent fcafons, will be eafily conceived by infpedliag 
the figure ; for they both arife from th^ inclination 
of the. axis of the earth to the orbit. 

Firft, In the ipring, when the earth is in that 
part of its orbit, in which a fpcftator in the fun 
would fee the earth coincide with the fign ^, Libra, 
of the ecliptic, the inhabitants of the earth fee the 
fun in the dircftion of r, Aries. At that time the 
circle termincUor of light and darkne(s, paiTes through 
thf poles If, j; therefore the earth in its diurnal ro- 
tation about its axis n, j, has every part of its furface 
as long in the light as in the ftiade ; viz. the days 
are equal to the nights ; the fun at that tirne being 
fucccfiively vertical to the equatorial parts of the 
earth. 

Secondly, As the earth proceeds in its orbit from 
the weft towards the eaft, along the figns nt, t , and 
tfs the fun is fcen to advance along the iigns l^, n^ 
and s9 • and gradually becomes vertical to thofc 
parts of the earth which are on the north of the 
equator^ So that when the^arth is in Icf, (he fua 
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be found by an ealy trigonometrical calculation i for in the 
triangle A£B, one fide AB is known, being the tranfyerfc 
aids of the earth's orbit, the angle EBA is equal to the in- 
clination of the axis of the eardi lo the orbit ; therefort^ 
ikfiowing like wife thQ ai^ A£B| t)ie other p;u:ts would \^ 
ofily calculateq* 

»4 . ^ 
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is in 2s, and is perpendicular to thofc parts of the 
earth, which are under the tropic j viz. about 23% 
a8', from the equator 5 therefore the inhabitants o£ 
the northern hemifphcrc will enjoy fumn^ef. on ac- 
count of the folar rays falling* more, perpendicularly, 
&c. ; ^nd they will have their days longer than the 
nights in proportion as they are nr>orc diftant fronv 
the equator j but thofe whofe latitude exceeds S&'i 
32" north, will have^ conftant day light; for, by 
infpeding the figure, it will be perceived that the 
earth, at that time, in its daily revolution, has 
all the part ynx^ within the polar circle, in that 
half of its furfacc which is illuminated by the 
fun. 

# 

- ' At the fame time the inhabitants of the fouthern 
hemifphere have winter; their days Toeing fhorter 
than their nights, in proportion as they are farther 
from the equator ; and thofe, whofe latitude exceeds 
66', 32', fouth, have conftant night. 

The earth then continues its courfc along the 
figns z!y X, and ^, at the fame time that the fun 
is feen to move along the figns fl,, ^, and ^ j at 
which time the circle terminator of light and dark* 
pefs paffes again along the poles n^ j, of the earth 1 
therefore the days are equal to ,the nights all over the 
earth, 

After this the earth advaftces along the figns «, 
p, and S, a^ which time the inhabitants of the 
northern hemifphere have wiqter, their d^y^ being 
fhorter than their nights, &c. 

.the 
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TIic four points of the ecliptic, in' which the 
earth IS rcprcfcnted in the figure, are called its 
cardinal points I Yf and ^ being the folftitial points, 
whilft :2x and cy» are tl>c equinoftial points ; but 
it muft be obfcrved, that ihofc four fituations of 
the earth, at the two equinoxes and two folftices; 
^rc not equidiftant; becaufe the fun is not in cho 
centre, but in one focus of the earth's elliptic orbit. 
This will be made more evident by means of fig. 
3* Plate XXVII. where the earth's orbit is deli- 
neated, as it would appear to a fpeftator fituated 
above the plane of it, S is the fun in one of the 
fbci of the ellipl^s A C B D. A, B, C, D, are the 
fituations of the earth at the two folftices, and at the 
two equinoxes, (as in fig. 2.) P is the centre of 
the ellipfis ; therefore the diftance B P is equal to 
A P, E P is equal to P F, and the elliptical arcs 
AE, EB, BF,,FA, are all equal to one another. 
But the fun is in the focus S, which is on one fide 
of the centre P j therefore in fummer, when the 
earth is at B, the fun is farther from it than in the 
winter when the earth is at A ; B S being evidently 
longer than A S 5 and, in fad, the diameter of the 
fun appears larger in winter than in fummer ; its 
greateft appatent diameter, in winter, fubtending an 
angle of 32' ^^''y^i and its leaft diameter, in fum- 
mer, fubtending an angle of 31' 33^8. 

Farther, the fun becomes perpendicular to the 
oquatorial parts of the earth ; (that is, the equator 
interfedts the ecliptic) when the earth is at C, and 
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likewife when it comes to D (for they muft evi- 
dently be ki the fame' line with the fun) \ but B £ 
being equal toEA, ^nd BC being longer than BEj 
B C muft be much longer than C A \ and for the 
fame reafon, BD is alfo longer than DA j confe- 
quentlythe earth has a longer arc, GEBFD, to 
. 'percur from^the vernal equinox to the autumnal 
equinox along the Ggns ifi^, «!, ^, Hf, ^y and X, than- 
the arc D AC along the figns . v, b, Ji, 83, a, and 
»R; the fun, during .the fame- periods, appearing 
to move along the oppoGte Cgns. Her^ce the earth 
employs about eight days longer in going from the 
firff point- of Libra to the firft of Aries, than in 
going from the latter to the former. Or, which' 
amounts to the fame thing, the fun appears to be in 
the northern hemifphcrc about eight days longer 
than in the fouthern, 

Xhofe eight days longer, which the earth em» 
ploys in going fronri «2t to t, are not entirely owmg 
to the greater length of the arc CBDi but is 
partly owing to the earth's moving along that arc 
at a flower rate than along the arc DAC j the. rea- 
fon of which is, that the centre of attraftion S is 
farther from the former arc than from the latter, alfo 
that the areas S^ B, A S ;?, and not the arcs Bjr, h.^^ 
are proportionate to the times of the earth's moving 
along thofe arcs B^, A;^, (fee page 85, of this 
volume)^ 

Thus let the earth be at B, from which place, ii^ 
a certain time, ip goes to y \ and the line which 

joins 
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joins thcv earth and the fun, dcfcribcs the area S Bjr, 
When the earth is at A, let it move along 'an arc 
Aflf, until the area S A;e, which is defcribed by the 

. above-mentioned line, may be equal to the area 
B Sy J then the earth v^rll "be found to have moved 
along the arc A * in the fanne compafs of time that 
it moved along the arc Bj^, But thofe arcs Ajv, 
Bj, arc unequal, A^ being longcrthan Bjf } for' 
they arc nearly in the invcrlb proportion of their 
diftances from the fun S. Hence the apparent mcK 
tion of the fun along the ecliptic, or the real motion 
of the earth in her orbit, as fcen from the fun, is not 
equable, it being flower in the fummer than in the 
winter*. 
The prcceffion of the equinoxes, which has been 

• defcribed above, as an irregularity, according to the 
apparent morion of the celeftial bodies, is eafily ex* 
plained on the true theory of the folar fyftem. 

The earth has been already defcribed to be an 
oblate fpheroid, y\z. to have a greater quantity of 
matter accumulated about its equatorial parts, in ' 
confequence of which thofe equatorial parts,, being 
attracted with greater force both by the fun and the 
moon, are drawn fooner under them than if they 
were notfo prominent,' by about 20^, 18", of 



• The difference of thofe motions is fuch, as that the fuq 
fometimes appears to be even 2® (horter, or more advanced, 
than it ought to be if it moved equably. 

time. 
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•mc, or 5o',25 of a degree in a tvi^clycmoneh^ 

The cfFcft of this is, that the axis of thp earth does 
not remain cxadly parallel to itfelf, * though it: rer 
tains the fame inclination to the plane of the eclip- 
tic J fo that if at prefent It points towards a certain 
ftar, in about 72 years time it will be found dircdjted 
\Q another point of the heavens, which is to the 
weft of that ftar, and at that, rate it will proceed to- 
move ronftantly weft ward, and of courfe it will 
dcfcribe a circle round the^pole of the ecliptic, the 
fa'dius of \vhich is equal to the inclination of the 
txis of the earth to the axis of the ecliptic, viz. to 
about 23% 28'. That circle will be accorrtplilhcd 
in about 26 thoufand years, at the end of which 
time the axis of the e^rth will again be parallel 
to tte fituation, ns^ of fig. 2. Plate XXVII. 
In the half of that time, viz. in about 13 thpufand 
years, the half only of that circle will be accom- 
plifRed, fo that at the end of 13 thoufand years, 
the axis of the earth will ftand in the fituatiqn of the 
dotted line op. 

As the poles, or the axis of the earth, performs the 
rfx)ve-mcntioned movement, it is evident that the 
iblftitial'and equinodial points muft like wife move 
at the fame rate: 

This motion b faid to be wefiwardy or in anteccr 
ientia^ viz. contrary to the order of the fignsj 



•^ 



• De la Long's Aftrouomv, B. XXII. 

■ whereas 
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wJiereas the other motion, whereby the earth and 
the planets are carried round the fun, is at/it&ar/f, 
or \n fonfequentiay meaning in tbcdireftipn of the 
figns, viz« from Aries to Taurus, then to Gentifii^ 
Cancer, &c. 

' In confequence of this motion of the axis of the 
earth, or. of the preceffion of the equinoxes, the 
conftcllations which formerly coincided with the 
cardinal points of the ecliptic, are now removed 
from them. Thus the conftellatipn of Aries, which 
at the tinie of Hipparchus was near the vernal 
equinox, viz. near the ihterfedkion of the equator 
with the ecliptic, is now removed from it, or ra- 
ther that interfeftion is removed from the conftel- 
ktion of Aries, by about 30% or nearly a whole 
fign, and in the fame manner are ail the other" 
conftcllations removed about one fign from their 
farmer fituations j yet the twelve portions of the 
ecliptic, which are called Dfidecatimoriay (till rctj[in 
the fame names and charafters which they had at 
the time of Hipparchus. Thus the interfeftions of 
the equator 'and the ecliptic are called the lie- 
ginning of r, and the beginning of ^^^ : but the 
conftcllations of Aries and Libra are now removed 
from thofe interfeftions. For the fake of diftinc* 
tion the twelve portions of the ecliptic are called 
amftrous ftffis^ viz. figns without ftars ; and the - 
conftellations thcmfel ves are called ftarryjigns. 

What 



.no Off be Motion of ibe Earth round the Sun, fc?r. 

What has been explained In this chapter rc- 

jpeiSing the motion of the earth in her orbit round 

the fun, is applicable, with very little variation, 

to the motions of the other planers in their rcipec- 

, tivc orbits, as will be fhewn hereafter. 
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OF THE PHASES AND MOTIONS OF THE MOON. 



AFTER the fun, the moon is by far the naoft 
fplendid of the celeftial objeds ; and as fuch 
it has at all times, been diftinguilhed, both by the 
jrude and by. the moft civilized nations of the earth. 
It revolves round the earth, and of courfe it goes 
with it round the fun. Its orbit is nearly an ellipfe, 
one of whofe foci is within the body of the earth. 
But that orbLt is fubjcft to confiderable variations^ 
widi rcfpeft to figure, cxcentricity, &c. which are 
incomparably greater than the variations of the or- 
bi^ of the earth, or of the other primary planet$. 
This arifes from the aftion of the fun irpon the 
moon, which fometimes confpires with, and at other 
times is conjtrary to, the earth's a(^on upon the 
&me. Yet .thofe apparent irregularities are all con- 
formable to, and depending upon, the grand law 
of uni vcrfal attradlion or gravitation. Previous to 
the enumeration and iUuftrations of the lunar move- 
ments which arife therefrpm^ it will be proper .50 
defcribe the body itfclf of the moon as far as it is 

' knownj 
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known^ and its pbafesy or various appearances undtr 
vrhich it is fccn from the e'afthi ^ 

The moon is an opaque body, like any of the 
J>lanetsj therefore that half of it, which is turned 
towards the fun, is iHuminatcd by it, whilft its othct* 
half receives no light froni the fun j and of its illu- 
minated half, we fee fuch a portion as its fituatipn 
in her orbtt cah admit of. - 

Were the furface of the moon fmooth aftd po^^ 
liflied like the furface of a looking glafs, the image 
of the luri^ which^ in certain fituations, would be re- 
flcfted to usj ifroyld only appear like a very bright 
point. But the Aifface of the mqoh is far fit)m be*, 
ing fmooth, and its inetjualities refleft the fun^s light 
in all diredions ; hehce we fee all thofe parts df that 
' furface .which are illuminate^! by the fun, and which 
are at the fame tiitie within tjic direftion df oifl: 

fight. 

Even to the naked eye fome of thofe irfegrilarl- 
ties of the thoon's furface appear like Icfs bright of 
darkifli fpots, which "appearance has fuggefled tht 
vulgat idea" of the moon*s having a face with eyes, 
&c. But when viewed throtigh a telefcope, the 
furface of the moon appears covered with vaft irre- 
/gularities, with ridges, mountains, and pits of infi- 
nite variety ; but we can fpeak oirly of the half df 
its lurface, viz. of that which is turned towards the 
earth; for it is rerparkable that the moon always 
turns nearly the fame fide towards the earth, and of 
courfe its other half is quite irivifible to us. 

rfaid 



of the Moon. ' iij 

I {aid it turns nearly the fame fide ; for fometimes 
(he turns a little more of one fide, and at other 
dmes a little more of the other fide, towards us. 
This is called the moon^s lihratim^ and is owing to 
her equable rotation about her own axis once in a 
month, in conjunAion with her unequal motion in 
,her orbit round the earth. " For if the moon 
** moved in a circle, .whofc centre coincided with 

. " the, centre of the earth, and turned round her axis 
" in the prccife time of her period round the earth, 

. " tlie plane of the fame lunar meridian would al- 
" ways pafe through the earth, and the fame face of 
^^ the moon would be conftantly and cxaftly turned 
" towards us; But Once the rtal motion of the 
'^^ moon is in an orbit nearly elliptical, having the 
" earth in one of its foci, and the motion of the 
" moon about Tier axis is equable } that motion, 
" as fecn from the earth, mud be unequal i for 
" every meridian of the moon by its rotation, de- 

, ^ fcribing angles proportional to the lim'es, the 
** plane of no one meridian will conftantly pafs 
** through die earth. Dr. Qrcgory, in his Elements 

; *' of Aftronomy, divides the libration of the moon 
" into the following three kinds*. 

ift, ^^ Her libration in longitude y or a feeming 
motion to and ixo\ accordinR to the order of the 
figns of the zodiac. This libration is npthing, 
twice in every periodical month; viz. when the 

_ _ « 

• Mr. O. Gregory's Ailronomy, §. 463, &c. 
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moon is in her apogee, and when in her perigee ; 
for in both thefe cafes, the plane of her meridtatt) 
which is turned towards us, is direfted^ alike to- 
wards the earth/^ 

adly, " Her libration in latitudi^ which arifcs 
from hence, that her axis not being perpendicular 
to the plane of her orbit, but inclined to it, fomc- 
times one of her poles, and fometimes the other will 
nod, as it were, or dip a little towards the e;arth; 
and confcquehtly flie will fometimes (hew more of 
' her fpots, and fometimes lefs of them, towards eadi 
pole. This libration, depending on the pofidon of 
the moon, in refpeft to the nodes of her orbit, and 
her axis being nearly perpendicular to the plane of 
the ecliptic, is properly faid to be in latitude. It is 
completed in the time in which the moon returns 
again to the fame pofition in refpe<9; of her 
nodes." 

jdly, " There is alfo a third kind of libration r 
by which it happens, that although another part of . 
the moon be not really turned to the earth, as in the 
former libration, yet another is illuminated by the 
fun. For, fince the nwon's axis is nearly perpen- 
dicular to the plane of the ecliptic, when fhe is mod 
foutherly, in refped to the north pole of the eclip- 
tic, fome parts near to it will be illuminated by the 
fun, while, on the contrary, the (buth pole will be in 
darkncfs. In this cafe, therefore, if the fun be in 
the fame line with the moon's fouthern iiniit, then, 

as 'fhe proceeds from conjunfti^xn with the fun to- 
wards 
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w^tcU her afcendii^g nodc^fbe wiU appear to dip 
her nor|:hjern polar parts a litcle jocp (he d^rk 
hismifphere, and to raife h^^ fouthcra pplar parts 
as much into the light one. i^^d the contrary to 
this will happen two weeks aft^r» vwhile the iiK)9n is 
defcending from her northern }ia>it 5 for ^hen her 
northern polar pai*t8 will appear %q ^nnerge qut of 
j^arknefs, and the fquthern poltur parti 50 dip iWft.il. 
And this feeming libration^ or rather theft effe^s 
of the former libration in latitude^ depending on the 
light of the fun, will be completed in the moon's 
fynodical revolution/' 

Since the moon moves round the earth in an orbit 
nearly ellipcical, the earth being in one of the foci» 
therefore this opaque globular body mud appear 
larger or fmaller in proportion as it comes nearer 
to, or goes farther from, the earth ; and, in faft, its 
apparent diameter has been found fomctimes to 
meafure as much as 34V and at other times not 
more than. 29% jc. When the moon is at its 
mean diftance from the earthy its apparent diameter 
is jj^ 8'S nearly. Its mean diftance from the^ earth 
is 240000 miles, or probably fomewhat (horter 
than 240000 miles ; hence its diameter is reckoned 
equal to about 2180 miles ; which is to that of the 
earth as i to 3,65. Therefore the furface of the 
moon is to that of the earth as i to 13,3225 (viz. 
as the iquare6 of their diameters) ; and the bulk of 
the moon is to that of the earth as i to 48,627 (viz. 
as the cubes of their diameters)* But on the fuppp- 

I 2 fitio*^ 
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fition thtt die moon is more denfe than the earth in 
the proportion of 5 to 4^ the quantity of matter in 
the moon muft be to the quandty of matter in die 
earthy as t to.38>9. 

The fpocs- which are feen on die furftce of the 
moon, afe not mere variadons of color> or of light 
and (hadej but diey arife from real inequalities of 
liii&cci fuch 9s mbuotains^ vales^ pitSy ridges^ hxAf 
lows, &C. which is evidently proved by their iha-' 
dowSj which they caft in due diredion^ according to 
the Gtuadon of the fun, and by the elevated parts 
becoming illuminated by the fun before the lower 
parts* 

In every iituadon of the moon the elevated parts 
of its fqr&ce caft a fhadow on the adjoimng lower 
parts in the diredion from the fun. But the cavities 
are dark .on the fide of the fun. 

When the linc^ which feparates the light from the 
ihade on the difc of the moon, is turned towards us, 
we fee it thrdngh a telefcope, npt as a regular line, 
but notched and full ofirregularities, efpecially feme 
fmall. bright dots or ridges a little diftant from xS^t 
illuminated part of the difc, which are the tops of 
mouhtains and other elevated parts, that are illumi- 
nated by the fun> before their lower parts ^ can re- ' 

*ceivc its rays. 

That 



* By means of micrometrical meafufements, and proper 
calculations, the heights of the lunar mountauis have been 

- . mcafured 
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That edge of the moon's difc, which, by its being 
turned towards the fun^ is on the illuminated fide of 
it, appears always fmooth ^md well defined, even 
through very good telefcopes ;. whereas^ confidering 
die roughneis of the moon's furfaee, we might per- 
haps expedt to fee it jagged or uneven. But it mud 
be cx)nfidered, that all the p^rts adjoining to that 
edge of the moon, are full of irregularities,, and that 
die. elevations of fome parts may ftand before the 
hollows of other parts, fo as to form upon the whole 
die appearance of a fmooth furface. It is pro- 
bable, however, that the atmofphere of the tlnoon 
may contribute to the produdion of an apparent 
fmooth edge. ^ 

. Some of the fpots, however, of the nH)on fcem 
not to be merely the Ihadows of devated places ; 
for they have been found to vary a little in in- 
tcnfity. 



mcafured and exprefled in miles (the method will be de- 
fcribed hereafter). But thofe meafurements by different 
aftronoAsers, who have ufed different methods, and more or 
lefs accurate inftruments, do not agree with each oAer. 
From the lateft and mod accurate obfcRvations, it appears 
that the moon has mountains of about 25000 Eoglifli feet, 
and upwards, in height ; viz. much higher than our moun- 
tains. See Herfchel's Paper on jthe Mountains of the Moon. 
Philofophical Transitions, volume for 1780 ; and Schroe- 
tf r*s Work on the Heights of Lunar Moiintainsa 



13. A bright 
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1 
A bright fpeck or two, or even three, Have foinc- 

tlrnes been obfer ved on the dark part of the moon's 

dirc> and fo far from the illuminated part as not to 

depend upon the fun's rays. Thofe lucid fpots have 

been conjedtured to be the eruptions of volcanoes, 

which after a certain time become extinft and dif- 

appear. Dr. Herfchel in 1787 law three of thofe 

volcanoes at once in the dark part of t^e moob; 

two of which were barely vifible or ialmoft extidd; 

the third was more vivid and exhibited an elongation 

like an eruption or lava of luminous matter, rcfem- 

bling a fmall piece of burning charcoal, covered by 

a very thin coat of white afhes *. 

If there be fire or combuftion in the mdyon, it 
ieems neCefiary that the moon (hould have an at* 
mofphere ; yet, until very lately, it has been gene- 
rally believed that the moon had no atmofphcrc. 
However, the nicer obfervations of letter times 
made with the moft improved inftruments, feem to 
prove that the moon has really an atmofphere, which 
is manifefted by the following fadts. 

It has been remarked by certain aftronomers, that ■ 
the moon does not always appear equally bright, 
which may probably be owing to its atmofphere be- \ 
ing more or icfs loaded with vapours. It is perhaps j 
for the fame reafon that, in total lunar eclipfes, the j 
colour of the moon is not always the fame, and that ■ 



• See the Philofophical Tranfaaions for 1788. 

in 



in total folar 4clipfts, a luminous circle round the 
inoQn has fomccimcs been obferved. Caifini ailerts 
to have obferved, that Saturn^ Jupitcfj and the fixed 
ftars^ had their circular figures changed into eUip- 
dca]> when they approached either the dark or the 
illuminated edge of the moon ; which may naturally 
be attributed to the re&adtion of a lunar atmofphere. 
Schroeter obfervcs, that the two cufps or apexes of 
the luminous horns, in a new moon, appear tapering 
in a very iharp and faint prolongation, which is a 
fixong indication of a lunar atmpfphere. He alfo 
ojbferved) that when once Jupiter came very near the 
moon> two of its fatellites appeared indiitin^t for 4 
ihort time before tSey^ went quite behind the body of 
the moon *• 

If we allow to the moon an atmofphere which» 
with refpeft to denfity, &c, bears the fame propot- 
pon to its fizcj as our atmofphere does to the (ize of 
the earthj we muft conclude that the obfcure parts 
of it, when viewed from the eardi, cannot fubtend 
an angle as great as one fecond in 2,dditton to the ap*? 
parent fize of the moon ; and fuch an atmolpherc 
feen^s to be perfedly compatible wi^h the above* 
mentioned fa^s. 

Excepting the above-mentioned fmall variation ii> 
the intenfity of fome of the ipots of the moon^ and 
the volcanic appearanqes^ the r^ of the moon's 
fur&ce is not fubjed to any perceivable thanges ; 

• See hill Paper in the Philofophical TranC for x 792. 

14 hence 
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hence aft fonomcrs have had ample tipportunity oi 
^ delineaung and of defcribing the irregularities of ic& 
furface. In fa£i:, feveral aftronomers have puUifhecL 
ihcjeknograpbiai or toaps of the face of the moon » 
and fome have given maps of its appearance in all. 
the <3ifFcrent ftatcs of the moon, front the day tbac 
the new moon becomes vifible until it vanifbes. In 
order to diftinguilh the mountains,^ or other re- 
markable fpots of the moon from each other, fomc 
aftronomers, as Hevelius, have given them the 
names of known places on the furface of the earth ; 
whilft others have given them the names of diftin- 
guiftied perfons, fuch as the names of PJato, Archi- 
medes, &c. The beft felenographers are Florcntius, 
Langrenus, Hevelius, Grim^ldus, CafFini, Ricciolus, 
and De la Hire. A very good drawing of the 
moon's vifible furface was lately made with great 
care' and attention by a diftinguiftied -artift, John 
KuiTcllj'Efq* R. A. an engraving of which will 
probably be fpeedily publiftied» 

That the phafes of the moon depend on its fitua- 

tion relatively to the -earth and the fun, has bf tn 

• already briefly mentioned in the preceding pages ; 

but ic win bcneceflary in this place to explain and 

to illuftrate them by means" of a diagram. 

In fig- 4, Plate XXVfl. RZ reprefents part of 
the earth's orbit, T is the earth. The circle 
ABCDEFH reprcfents the moon's orbit, with the 
moon in different parts of it. S is the fun. Hept 

in the , firft place it nftuft be obferved, that in 

every 
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every fituation^ that half of the moon, as well as of 
the eiarthvwhich is Bkcing the fun^ is illuminated by 
it, whilft the other Jialf is in darknefs. MN reprc* 
fents the circle which feparates the illuminated from 
the dark part of the moon. PO (which, confider- 
ing the fize of the moon with refpc6l to its orbit, 
may be taken for a right line) repreftnts the circle 
which divides that half of the moon> which is vi* 
fible to us, from that which is not vifible to us ; 
and which thcrefote may be called the circle of 

Now it is evident, that when the moon is at A^ 
Viz. in oppofition to the fun, iifs illuminated half is 
turned entirely towards the earth, or the circle of 
vifion coincides with the terminator of light and 
darkncfs. ~ In that fituation we fay the moon \sfuJl, 
and in that cafe it fliines all night long 5 for the fun 
and the moon being in oppofition,^ the one mufl: 
appear to* rife when the latter appeal^ to fet ; hence 
the moon is on the meridian at midnight. 

When the moon comes to B, then its illumi- 
nated half is^ not turned entirely towards the earths 
therefore we fee the moon as is reprefented at 
' ^ ♦ 5 vjz. the illuminated part will not be quite cir- 
cular, but will appear gibbous. 

Whea 



yt 



* Should the novice aflc what produces the difference be- 
tween the reprefentation of the moon at B, and at ^, he is 
infiormed that at B the moon is reprcfcated 9M it would.ap« 
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When die moon is at C» fo that the eloM^alunt, 
Ttz. cbe angle made at the earth by two lines CT 
and ST^ drawn from the moon and from the fim to 
the earth, maf be a right anjg|e» then the half of its 
inuminated part is vifible from the earthy viz. the 
moon zppean as at ^*. In this cafe the mooa 
appears to be hJcSeJ, ,%Qd is faid to be at ia i^/ 
fuarUr^ or in her quadrate a/peS^ or qiiodraim^ 
becauie it then appears to be a quarter of a circle 
mnoved from the fun, STC being a right angle. 

pear to a ipedator iltuated in the heavens above die plans 
^the moon's orbits whereas h is as it appears to a fpefia^* 
tor on the earth at T. The fame thing muft be underftood 
of A and Oj C and'r^ &c. and he may eafily render diis and 
other pbafes biniliar to himielf, by placing a canile at ibme 
diftance from.himfelfyimd holding a ball of any kind in the 
fingers of one band, which he may place round his be^ io 
Tarioos afpeds. In this cafe the xandle reprefents the fun, 
tbe baU repreients the moon, and the experimenter reprefents 
the earth* 

♦ The angle of elongation STL, in ^vtry fituation of the, 
moon, is always nearly equal to the angle MLO, the arc of 
which MO is that part of the moon's illuminated difc^ 
which IS vifible to us. TTius, when the moon is at F, pro- 
duce SL towards X ; then the angles TLP and MLS are 
equal, being both right angles \ t^e vertical angles OLS|' 
and PLX are alfo equal ; therefore MLO is equal to TLA* 
But TLX is tbe external angle of the triangle STL, there- 
fore equal to the angles LST, LTS ; and becaufe the (^^ 
is at an immenfe diftance, and the angle LST is exceeding* 
fyfimdl, thcrcfoHBl'STL is neariy equal tp TLX, or <^ 
MXO. ■• ' ^ . ^ . . . ' 

9 When 



When the moop is at P> then, as a fmall part of 
its illuminated part is turned towards the earthy we 
fee it horned as at d. All this time the moon has 
been waning or decreafing in the extent of its iUu- 
minated partj and it conrinues to do fe until it 
reaches. the point £» which is called its conjunSim 
with the fun, they both appearing to be in the iame 
point of the ecliptic. In that fituation the dark 
I^t of the moon is entirely turned towards the 
eatch> of courie the moon difappearsi and in that 
date we call it the . new nrnn^ becau& pre^^ntfy 
after that it begins to make its appearance anew^ 
and cominues to increafe until its full^ viz. when 
it comes again at its oppofition A. 'When the 
moon is at F, a fmall part of ics illuminated face 
is turned towards the earth> and we fee it a^ atj^ 
viz» as we faw it when it ftood at D $ with this dif- 
ference, however, that when at P^ the convex fide 
of the luminous part was turned towards the ^aft, 
but when at F, that convex fide is turned towards 

thie weft i for in both cafes it is turned towards the 

I- 

fun, and in the fird cafe the moon riles riot long be^ 
fore the fun j whereas in the latter cafe it lets not 
long after the fun. 

When the mocm is atG>viz. again in a quadrate 
afped, GTS being a. right angle, it loc^ as it 
did when it ftood at C, excepting that now the con-« 
ttx part is turned towards the weft, whereas be- 
Jfere it was turned towardsi: the eaft ; obferve g. In 
I&J6 iuuaciojfi, viz* when ibe moon is at Gj wc com^ 

monly 
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monlf fay that it is at its ^ quarter. The moon 
tb^n conltimies to increafe^ fo that at H it looks 
gibbdtrsy as reprefented at h\ then full, &c. 

It rnuft bfc remarked, that when we firft begin to 
.fee the new moon, befides the bright part as at/J we 
fee the reft of the moon's difc feintly illuminated ; the 
fcafon of whidi is, that in that (itiiation the greateft 
portion of the earth's illuminated half is turned to* 
wards the moon ; fo that the earth performs the 
lame cfHce to the moon as the moon does to us ; 
and nrach more fo } for the earfh appears about 15 
dtncs bigger to a fpeftator ih the moon, than the 
moon appears to us ; therefore the earth reflefts a 
great deal more of the fun's light <u{Xm the moon, 
tEhan fte moon refledb upon the earth. By infped- 
ing fug. 4, it will be dearly perceived, that the 
earth prefents the fame phafes to the moon, as the 
btter does to us j it being full to the moon when the 
moon \% new to us ; new to the moon when the 
moon is full to us, &c. 

The poficion of the moon's cufps, or a right line 
couchinqg the points of her horns, is always perpen- 
dicular ca the ecliptic, but is differently inclined *to 
the horizon at different times of the fame day. 
Sometinxs that line is perpendicular to the horizon, 
and' then the moon is faid to ' be in her nonagefimid 

degree^. 

The 



* It is then in die bigheft point of the ecliptic above the 
hoiizofi) winch is 90^ from botb fidts of the horizon, whcie 

it 
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Tlic moon> the earthy liid die other planets, being 

opaque bodies^ mud nn^ceirarily caft a (hadow on die 

fide oppofite to the fan ; and as every one of the 

planets is fmallcr than the iuoi that (faadow nnift 

evidently be conical. Now the earch's conical 

ihadow is, longer thin the diftancc T A of the 

nn^on ; and the fliadow of the moon, though (horter 

than tha€of.th,e earth) is like wife longer than the 

faid diftance ; therefore, when the moon is at E; viz. 

between the fun and the earth, its Ibadow mud &U 

«pon part of the earth's furfacc (it cannot cover* 

^hole hemifphere, becaufe the moon is much 

frnaHer than the earth) ; during which time the 

inhabitants of diat part of the earth lofe (ightof the 

fu«, and this is called an ecUfife of the fun. A l^ec^* 

^tor in the moon would at the fame time -fee z 

^ound fpot pafs over the illuminated difc of the 

When the moon is at A, then the earth is be* 
^^cen it and the fun, in confequence of which die 
l^ow of the caith covers the whole difc of the 
^^oon, and this is called an edi^e of thje tnoon. At 



*^ is then cut by the ecfipttc. This never happens when the 
*^oon is on the nieridUn, except when (he is at the very be- 
ginning of Cancer, or Capricorn. The meaning of this note 
^ill be flhjift rated by the defer iption of the movements of tbe 
'^Qon,' which will be found.in the fubfequent part oFthc pre- 
^'Sjit chapter. - 

the 
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die iame timcj a ipeftaitor ut the moon would lofe 
^ht of the fun *. By infpe<5ting Hg. 4^ ic will 
be ckarly perceived that . an eclipfc of the fun can 
only happen at the ;ime of the new moon^ and an 
iectipfe of the moon can only happen at the time 
of full moon« Here it niay be naturally aflced 
why does not an eclipfe of the fun take place 
at e\'ery new moon> viz. at every conjiinftion 
of the fun and moon ; as alio why does not an 
eclipfe of the moon take place at every foil moon, 
viz, at every oppofition ? The anfwer to this 
qucftion. is, that the moon, either at the con- 
junction or oppofition, feldom paffcs acrofs the 
line which joins the centres of the fun and of the 
^arth^ but generally goes either below or above that 
line I often however the moon paffcs, not with jcs 
centre^ but with fome other part of its body, acrofs 
that line, and then the ecHpfes are not total bxitpar' 
tUdy viz. a part only of the fun's difc, or of the 
moon*s difc, b eclipfed ; but the particulars which 
relate to the time, duration, and quantity of eclipfes 
will be examined after the explanation of the moon's 
movements. 



• The (hadow of the moon upon the earth, in a folar 
eclipfe, is always circular, and the ^dgf^: of the feadow of the 
earth on the moon is always a circular arch, which is another 
ftrong proof of both the moon's and the earth's being globu- 
lar, or nearly fo. 

The 
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The moon moves along its whole orbit round the 
^arth from the wefi: towards the eaft^ at a mean, in 
^7 daysj7 hbiirs, 43', 5% which compafs of time is 
called a periodical months or revolutions l3ut the 
noon, in going from one conjundtion to the next, 
^nnploys a longer time« viz. 29 days, 12 hours^ 
4-4.' 3^ which time is called z fynoMcd mcntb^ or 41 
i^nation. For whilil the moon in its proper orbit 
finiihes its courfe, the earth, together .with the 
nnoon and its orbits are going on their way round 
the fun, and are advanced almoft a whole fign of the 
^iptfc towards the eafl: ; fo that the point of the 
nioon*! orbit, which in the former pofition was 
|>laced in a right line joining the centres of the earth 
and the fun, is now more wefterly than the fun ; ^ 
therefore, when the moon has again arrived to that 
point, it will ^not yet be feen in conjunflion ' with 
the fun. 

Thus, let AB, fig. 5, Plate XXVII. reprefent 
part of the earth's orbit, with the earth at T, and 
the moon at L, viz. in conjundtion with the fun S. 
Then, as the moon performs her courfe about the 
earth in her orbit LACE), and by the time it lias 
arrived to the fame point of her orbit, the earth will 
have moved from T to /, and the above-mentioned 
fame point of her orbit will be at /, (t I being pa- 
rallel to.TL), which is not in the line / S ; fo that 
the moon arrives at /> and defcribcs its whole orbit 
before its conjunflion with the fun j for the accom- 
plifhmcnt-of which conjunftion, the moon muft go 
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over the arch /M» and fomething more-; for whilft 
the nloon is moving along that arc, the earth conti- 
nues to move on in her orbit. Upon the -whole, the 
moon performs a fynodical revolution, or whole lu- 
nation, (viz. from new moon to new moon) in 2q 
days, 12 hours, and 44^ 3", being 2 days, 5 hours, 
and 58 feconds, longer than her mean periodical 
month *^. . ^ 

The arc T/, which the earth performs whiHl'the 

' liioan goes from one conjunftion with the fun to the. 

ne'xt conjunAion, is fimilar to the arc /M j for TS 

being parallel to //, the angles /ST, and S/?, ait 

equal ; then fince thole angles are at the centres of 

, the arcs /T arid /M, ic follows that thofe arcs muft 

be fimilar. Every day the moon appears to recede 

from the fun by about 12 degrees aod fome minures: 

this is called the diurnal motion of the moon from the 

fun^ 

The orbit of the moon is not in the fame plane 
with the orbit of the earth, viz. in the plane of 
the ecliptic, but is inclined to it at an angle of 



• 



* The above-mentioned mean periodical month is the re- 
' volution from a fixed point, with refpedt to the equinoxes, 
and to the fame point again j but on account of the prcceffion 
of the equinoxes, tiic mean periodical month with refpe(£tto. 
the fixed ftars, viz. the time employed by the moon \v\ o-oino" 
• from a given fixed ftar, all round ihe cardi, and agaii) to the 
fame ftar, is a little longer; viz. it is 27 days, 7 hours, 
43', and I2\ 

about 



It 

abaitf 5* ; and thbfe two platies cut each Other ia ^ 
right Une> which pafles through th? centre of thc^ 
tarth ; therefore the centre of the moon cannot bc^ 
lieen ;o coincide wich (he ecliptic, excepting in th6 
two points ar the extremities of the faid right linCji 
where the two circles interfeft each other. Thofo 
two points of interfeftion are called the nades^ 
(as has been faid of the planets) one of which is. 
called the ajcending noii\ or the dragon's bead, a(vi Mi 
marked a ; beyond this node the moon moves along 
that^ half of its orbit which i$ on the north fide of 
$be eqliptic. The other point of interfe£lion is calle4 
tlie defanding node^ or the dragQtCs tail^ and is mark** 
ed ei* Beyond this nodcy and until it reaches th$ 
afcending node, the moon moves along the fouthern 
fide of the ecliptic. The right line, which paflfef 
through the centre of the earth, and joins the twQ 
nodes, is called the line of nodes. Now it is to be 
remarked that tho(e nodes are not conftandy in the 
fame place \ or, which is the fame thing, the moon's 
orbit does not conftandy interfeft the ecliptic in the 
fame points y fo that the line of nodes condhually 
niQves from the eaft towards the weft, .contrary to 
th^ direfkipn of the figns of the ecliptic ; therefore^ 
if ^he moop \ft pbferved to crof^ the ecliptic at any 
I^rucular place, at the next lunation it will be 
Ipui^* to crpfs the ecliptic at another place, which 
is a little weftward of the fornicr. By thi^ ccTiti- 
atml Ihifting from the eaft towards the weft^ the line 
9f nodes per^rms the whole revolution in the coni- 
you iv; K paft 
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pa(s of about i8 years, 2 2S^ 5^. ; after which time: 
the nodes return to the fame points of the ecliptic. 

It is evident that the centte of the moon is farther* 
•from the ecliptic, according as it is farther from thc= 
nodes. The points of her orbit, which are fartheCV 
from the ecliptic, and which are called iht limits'^ 
muft evidently be equidiftam from th^ nodes. Tbc 
above-mentioned diftance of the moon from thke 
ecliptic, when Ihe is in different parts of het" orbit,, 
and which does not exceed 5** 18' 6% is called the 
moon's latitude j for the latitude of a celeftial ab- 
jcft is its angi^ilar diftance from the ecliptic, and is 
meafbred by an arc of a circle drawn through the 
moon, and perpendicular to the ecliptic. - - 

This defcription of the moon's motion in her 
orbit, the inclination of that orbit to the ecliptic, 
and the retrogradation of the nodes, naturally fhcw 
why are the eclipfes both of the fun and of the moonj 
fometimes partial, and at other times total i why 
they do not take place at every new and full moon ; 
andlaftly, why the eclipfes return very nearly in the 
'iame order after about every 19 years. 

* Thus, for the fake of perfpicuity, Wc have de- 
fcribed what relates to the inclination of the moon's 
orbit to the ecliptic in a general manner ; but 
there arc feveral irregularities to be noticed with rc- 
fpeft to the inclination and the fhape of that orbit, 

• as *alfo to the motion of the moon in it, 
' Upon the whole, the fhape of that orbit is cllip* 

tical, or nearly fo, as in fig. 6, Plate XXVII. with 

; .the 
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the, earth at T in one of its foci. AP is the greater 

axis, and is likewife the line of the apjides^ or the 

line of the moon^s neareft and greateft diftance from 

the earth. A is the higheji dpfts^ and is called the 

Bpogeotty or npogee, where the moon is fartheft from 

the earth. P is the loweji apjis, and is called the 

feri^eon, or perigfe^ where the moon is neareft to the 

. earth. T G is the excentriciiy. 

We fhall cxprefs the principal irregularities in the ^ 

followihg feven paragraphs. 

ift. The line of the apfides has been obferved to ' 

have an angwlar motion round the earth from the 

Weft towards the eaft, or in the direction of the figns 

[ of the ecliptic, but not always conftantly foj viz, 

I the apogee of the moon*s orbit, when fhe is in the 

fyzygics, goes forward, with refpedt to the fixed 

\ ftars, at the rate of 23' each day, and backwards 
i • ^ • 

in the quadratures by 16' 2d' per day; therefore 

the mean annual motion is 40** ; hence it performs 
[ the whole circle, and returns to the fame fituation, 

^ the fpace of almoft nine years*. 
\ adjy. When the earth (and of courfe the moon 

^^fo) is in the aphelion, the moon's motion is fonic- 

^hat quicker than when the earth, &c. is in pcrihc- 
!' ^ioiii hence the periodical months of the moon are 

Somewhat (horter in the former cafe than in the Jattcr, 

[■ , 

3dly, When the moon is in the fyzygies, then, 

* De la Lande dates the tropical revolution of the apo-*^ 
Jce at 8'. 311*. 8^ 34'. 57". v^ fidereal revolution at 8r. 
3i2<i. ii\ 11^ 39\ and the diurnal motion at 6'. 4r',o69S. 

K 2 i^etcris 
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€4fterU paribus^ fhe iTiove$ round the earch quicker 
than'.when (he is in the quadratures. For its gravity 
toward^ the earth is^ by the action of the fun, to* 
creaied in the latter cafe, and diaiinifhed in the 
former ; fo that from the conjundion to her firft 
quadrature, the gravity of the Oioon towards the 
earth is continually increafed, and (he flackeiis 4 
little its motion ; from that quadrature to the oppo* 
filion, her gravity towards the earth is gradually di- 
minifhedj and fhe keeps increafing her motion ; 
from the oppofition to the other quadrature, her 
gravity increafes again, and her niotion is agam 
gradually diminifhed ; and laftly, from tdat quadra* 
tore to the conjunAionj that gravity is gpadually 
diminifhed, and that motion is again gradually in- 
creafed *. The moon is more diftant from the 
earth at the quadratures than at the oppofition to^ 
or at tlie conjun£tion with, the fun. 

4thly. Befides the above-mentioned caufe, the 
unequable motion of the moon in her orbit arifcs 
alfo frbm the elliptical figure of that orbits which 
has the earth in one of its foci j for as the moon 
muft defcribc equal areas in equal (imeis round^ ihp 
earth (in the £»mei manner as the plaocts bave-hrcn 
^d to defcribe round the fun), it evidently foUow% 
that C4$t€rh ^ariiusj the moon mult >mow quiqkci' 
ki her perigeqn than in her apogeohp 



• The famous Tycho Brahe, who firfl difcoverecl this in- 
equality in the moon's motion, CdUed it iixp,mojm*s varktim^ 
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5thly. The orbit icfclf of ihc moon undeigoes 
i^arious cbahges during twtty revolucion i (b chat its 
excebtricity is continually increa(ing and decreafing. 
It is greateft when the lihe of the apfides coincides 
V^ith the fy.zygia, artd Icaft when the lin^ of the ap- 
fides coincides with the quadratures. The differ^ 
ence is fo great as to exceed the half of the lead tx- 
ccntriciiv. . , 

6th]y. The nodes of the moon*s orbit move very 
irr^ularly ) fo that the line of nodes fucceffively ac*- 
guires all forts of fituation with refpedt to the fun i 
and In the courfe of every year it. paflfcs twice 
tfaroiigh ,the fyzygies, and twice through the qua^- 
dratures. Daring one whole revolution of the 
moon, the nodes go back from eaft to weft with 
conliderable quicknefi when they are in the qua- 
dratures s but-having patfed thofe points^ they gra« 

.dually flackeii their nK)tionj and ai-e quite at reft 
when ^y cotue to be in the fame diredkion with the 
j^ygieg- 

7thly% The iridination of the plane of the moon*$ 
orbk to the ecliptic (which has been faid to make 
k general an angle of 5*) varies by feveral minutes, 
aiod 18 gicateft when the moon is yi the quadraiiire^, 

, and leaft when fhe is in her oppofition or conjunc- ^ 
^on* The above^mentiot^d inclination alio in- 
eneafes, and ia at iCs maximum^ wbei^ tht nodes 
aie in the fyzygies 1 but the inclination dimi* 
Hiifaes as the line of nodes has paiTed thje fyzy- 
|ies, and is at its minimum when that line coin^ 

n 3 cidcs 
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cid€i3 ' with the quadratures. Upon the v^hole, \t 
feems that the inclination of that orbit to the eclip- 
-tic is at the lead about 5"*, and at the moft about 
5* 18' 6". 

All the irregularities of the moon*s ipotions arc 
rather lefs in her oppofition than in her con- 
jlinftion. 

Thofe which we have called irregularities of the 
moon's motion, are fo far from being real errors or 
defcds, that they are the juft and natural confc- 
,quence of that grand law of nature, the univerfal 
and mutual gravitation of matter ; and the works 
of nature would be truly defcdive if the above- 
inentioned apparent irregularities were not found 
to exift, as has been abundantly demonftrated by 
the great Newton, Wliat renders the . calculation 
dthjt moon's influence, motions, and fituacion5, at 
.diferent times, extremely intricate, and perplexing, 
is the difficulty of determining the quantities of thofe 
forces which aft upon the moon, and upon which 
the thepretical calculations are eftablifhed. The 
quantities of thofe forces muft be deduced from 
their eflefts, viz. from obfervations ; and thofe ob- 
fervations require cxaft inftruments, and diligent 
obfervers. In faft, it is owing to, the ioduftry of 
Jate and prefent aftronomers, as alfo to the mechani- 
cal and. mathematical improvements of the fhort pe- 
riod which has elapfcd fince Newton's time,ahat 
•the tables of the lunar motions have been brought 

to 
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to a wonderful degree of accuracy, and that they are 
daily receiving farther correftions. 
* The only equal motion of the. moon, is Its rexro-*^ 
lution round its axis, which, either in part or in all, 
is performed -cjcadly ir^ the fame time, in which flic 
performs her revolution in her orbit round th^ 
earth i hence flie always prefcnts the fame half ojf ' 
itsfurface to us, whilft its other half is never feen 
t^yusj yet on account of- the moon's orbit bein^ 
riliptical and not circular, as alfo on account of the 
inclination of that orbit to the ecliptic, we c^n at 
times fee part of that half of the moon> which, ia 
general, is not vifible to us ; artd this is the Iteration 
of the moon, as has beeri mentioned in the preced- 
ing pages., 

It follows from the above-mentioned rotation of 
the moon round her axis, that in the cornpafs of on^ 
year we inhabitants of the earth havje nearly 36^ I 
days, whereas the inhabitants of the moojii if therp 
^ any, have only aboyt 1 2 -rV ^^Y^ > every one pf 
their days being equal to about 29 k of our days. ^ 
From obferv;>tjpns carefully nnide on the fpots of 
the moon, and from proper calculation, it has been 
determined that the axis of thjc moon is inclined to. tb?/ 
jfcliptic at an angle of 88* 17' very nearly *. 



»■' ■• <*■ 



^ Caffini found that the nodes of the moon's equator 
^gree with the mean place of the nodes of its orbir; therer 
f^e, they tave the iame miean motion. 

K 4 The 
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The above-mentioned apparent irregulaHties of 
the moon*s motibn produce fevcrtl remarkable 
phenoftiena, with.tcfpeft to the moon's rifiiig to it# 
String, and to its contlnuaricfc above the horizon of 
thofe pfaces which are not under rfie fci^uator, T^ro 
df thofe. phenon^ena have obtained peculiar app6lla* 
tiohSj vxt. the harvefl fntion^ and the hunter's f$om. 
It has been mentioned in the prectdirtg pages, that 
the moon appears to recede from the fuh at the dailj^ 
rate of about 1 1** and fome minutfe s j but it dcei hot 
follow that the moon muft rife 6very day later bf a 
^proportionate length of time, viz. by about 50 *V- 
iiutes of time J for, on account of the different angle* 
made by the horizon^ and differbnt ^arts of tht . 
moon's orbit, this retardation differs confideraHy in ' 
^kces of high latitude, and it b only equable or 
nearly fo. With refpeA to places fittiatcd under th^ 
eqtiator. The cauffc of thofe phenomena is clearly 
atid familiarly explained by M^ Fergufbn, in the 
i6th chapter of his aflronomy, from which 1 fhall 
^ ;nake the following abridgement. ^ 

The plane of the equinoftial is perpertdieukt to 
the eirth^s aj^is ; and therefore, as th* earth tufirf 
tound its axis, aH parts of the equinoftial make etjud 
angles with the horizon, both at rt^gand at ftttit)gi 
fe that equal portions of it always rife or fetln eq«ftl 
limes. Confequently,^ if the moon's motion were 
rquable and in the cquinoftial, at the rate of i aM i' 
fronti the fun every day, as it is in her orbit, (he wctul^ 
rife and fet 50 rpinutes later eyery day than oq the 
a , • preceding 



^f the Moon. 137 

prccding (!ay ; for ra** ir of the cquinoaial rife or 
fct in 50' of time in all latitudes* 

But the moon's motion is fo nearly in the.ecliptic. 
that wc may confider her at prefent as moving in it. 
Now the different parte of the ecliptic, on account 
of lis cA)liqiiity to the earth*s axis, make very differ- 
ent angles with the horizon ; and In equal timc^ 
whenever this angle is leafl:, a greater portion of the 

. ecliptic rifes than when the angle is larger, as may 
be feifily perceived by looking at a common celeftial 
globe. . Thus in fig. 7 and 8, Plate XXVII. L re- 
prcfents the latitude of J^ondon, AB is the horizon^ 
F P the axis of the worlds E e the equator, K i 

^ the ecliptic. Now, on account of the oblique po- 
rtion of the fphere in the latitude of London, the 
ecliptic has a high elevation above the horizon, 
making the angle AUK of about 73' f, as reprc- 
f(;hted in fig. 7, when the fign of Cancer is u|>on 
the meridian, at which time Libra rifes in the eaft, 
Put when the other part of the ecliptic is above the 
horizon, viz. when the Ggn of Capricorn is upoji 
the meridian, and Aries rifes in the eafl:, then the 
ficliptic will make with the horizpn the much fmiller 
^uigle "i tJ A, as reprefented iivfig. 8, which angle is 
only about a6* |, that is 47 degrees fmaller than the 
foraier angle. And by infpefting thofe figures, it may 
be eafily conceived that, as the celeftial fphere appeais 

. fb turn round the axis FP in a given portion of time, 

^ for iinftahce, three or four hours, a greater portjoa 

^i\lfi ei^irptic ^\U rife dicing that time,| when the 
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' ecliptic is in the fituation of fig. 8, than when it 
is in the fituation of fig. 7. 

Jn northern latitudes, the foialleft angle made by 
the ecliptic and horizon is when Aries rifcs, ^t whicii 
time Libra fetsi xhe greateft when Libra rifes,, at 
which time Aries 'kts. From the rifmg of Aries 
to the fifing of Libra (which is 1 2 fidereal hours) 
the angle increafcs; and from the rifing of Libra to 
the rifing of Aries , decreafes in the fame propor- 
tion ; hence it appears that the ecliptic rifes fafteft 
about Aries, and Howefl: about Libra. 

On the parallel of London, as much of the ecliptic 
l-ifcs a,bqut Pifces and Aries' in two hours, as the 
moon goes through in fix days'; therefore, whilft 
the moon is in thefe figns, flie differs but two hours 
in rifing for fix days together i that is ^bout 20' later 
every day or night than on the preceding, at a mean 
rate. But in 14 days afterwards, the moon comes 
to Virgo and Libra, which arc the oppofite figns to 
Pifces and Ari^s ; and then flie difl^ers almofl: four 
times as much in rifing; namely, one hour and 
about 1 5' later every day or night than the preced- 
ing, whilft flie is io thefe figns. As the figns, Taurus^, 
Gemini, Cancer, Leo, Virgo, • and Libra, rife fuc- 
cefllvely, the angle of the ecliptic with the horizon 
increafes gradually^ and decreafes in thefape pro- 
portion as thry fet| and for that r^afon^ the mooa 
differs gradually more in the tiqie of her rifing every 
day whilfl: flie is in thefe figns, and lefs in her fettirig: 
after which, through the other fix figns, vi?. Scor- 
pio, 
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pio, Sagktary, Capricorn, Aquarius, Prfccs, and 
.^ries, the rifing difFerence becomes lefs every day, 
until it be at the Ic^ft of allj namely, in Pifces and 
Aries, ' .^ . 

The moon goes round the ecliptic in about 27 
-days and 8 hours ; but not from chknge to change 
in lefs than about 29 days and 1 2 hours : fo that Ihc 
is in '^ifces and Aries at lead once in every luna- 
(ion, and in fome lunations tvvice^ 

If the earth had no annual motion, the fun» would 
never appear to (hift his place in the ccliptip ; and 
then every new moon would fall in the fame fign 
and degree of the ecliptic, and every full moon ia 
the oppofite j for the moon would gq precifcly 
round the ecliptic from change to change. So that 
if the moon wajs once full in Pifces or Aries, flie 
would always be full when (he came round to tht; 
fame fign and degree again. And as the full moon 
rifes at fun-fet (becaufe when any point of the 
ecliptic fets, the oppofite point- rifes) (he would conr- 
flantly rife within two hours of fun fet, on the pa- 
rallel of London, during the week in which (h^ 
were full. But in the time that the moon goes 
round the eclipric from any conjunflion or bppofir 
tion, the earth goes al mod a fign forward; and 
therefore the fun will feem to go as far forward in 
that time, namely, 27*^ \ i fo that the moon muft 
go 27** \ more than round, and as much farther as 
the fun advances in that interval, which is a'-j^, 
J?eforc Ihe can be in conjunftion wiph, or oppofite 

to. 
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to, the fun again* Hence it is evident, that theit 
ttn be but one conjunftion or oppofition of the fun 
and nnoon in a year in any particular part of tht 
ecliptic. This may be familiarly exemplified by the 
^hour and minute hands of a watch, which are never 
in conjunftion or oppofition in that part of the dial- 
plate where they were fo laft before. 

As the moon can never be full but when fheis 
oppofite to the fun, and the fun is never in Vir]gt> 
End Libra, but in our autumnal months, it is plain^ 
that the moon is never full in the oppofite fignft^ 
Pifires and Aries, but in thefe two months* And 
therefore we tan ha:ve only two full mootis in th* 
year, which rife fo near the time of fun-fet for a 
week together, as has been mentioned above. The 
former of thefe is called the harvefi moon, and the 
latter the hunter^ s moon. 

When the moon is in Pifces and Aries, it muft 
rife with nearly the fame diflference of time in every 
revolution through her orbit, which is exadly the 
phenomenon of the harveft moon j but it pailfes un* 
obfcrved, bccaufe in winter thofe figns rife at nooO) 
and, being then only a quarter of a circle drftant' 
from the fun, the moon in them \% in her firft quar- 
ter, and rifes at about noon, at which time her rif«Jg 
is not noticed. In fpring thofe figns rife with the 
fun, for the fun isin them, confequently the moon 
being in them too, is in conjunction with the fun, 
^nd therefore its rifing is invifible. In fummcr 
;hofe figns rife at about midnight^ and the fun is 

three 
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three figos, or about 90^ before them ; therefore thi 
mon in them muft he in her third quarter, 
' Vfhcft it gives little light, and rifes late, on which 
' accounts the phenomenon of her rifing for fomc 
Jiights with little difference of time, paffes vnao- 
iic<d. Jn autumn, however, the cafe is different ; 
for the figns of Pifces and Aries^ then rife at about 
fun-fct, and therefore the moon being in them, l^ 
in oppoBtion to the fun, confequendy full, and rifes 
io great (plendour when the fun fcts, and feems to 
prolong the day (or the advantage gf the hufband- 
flaan at about the harveft time. 

In northern latitudes, the autumnal full moona 
zrt in Pifces and Aries ^ and the vernal full moons 
in Virgo and Libra. In fouthern latitudes^ juft th^ 
reverfe, becaufe the feafons are contrary* But 
•Virgo and Libra rife at as fmall angles widi die 
[' horizon in fouthern latitudes, as Pifces and Aries do 
?. in the northern , and therefore the harveft moons 
are jqft a$ regular on one (ide of the equator as on 
dieother* 

As theie figns, which rife with the lead angle, 
^t with the greateft, the vernal full moons differ a^ 
much in their times of rifing every night, as the au«- 
tumnal full moons differ in their times of fetping ; 
and fet with as little difference as the autumnal fuU 
moons rife; the one being in all cafes the reverfe 
of the other* 

Hithertoi with refpeft to thefe phenomena, wc 
have fuppof^ that the rnoon'^ orbit coincided witb 
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the plane of the ecliptic ; but fince her orbit makei 
with it an angle varying from 5* to 5** 1 8', and croffcs 
it only in the nodes, therefore her rifing when ift 
Pifces and Aries, will fometimes not differ above 
one hour and 40^ through the whole of the feven 
tlays ; and at other times, when in the lame two 
figns, the time of her rifing, in the courfe of a week 
will differ ;full 3 f hours, according to the different 
• pofitions of the nodes with refpeft to thofe fighs ; 
which pofitions are conftantly changing, the nodes 
going .backw:rrd through the whole ecliptic in 
about 18 years and 228 days. This revolution of 
the nodes will caufe the harveft moons to go through 
a whole courfe of the moft and leaft beneficial 
ftates, with refped to the harveft in about 19 years. 
The following Table flaews in what years the harveft 
moons are moft or leaft beneficial, from the year 
1800 to 1861 : the columns of years under the 
letter L, are thoft in which the harveft moons are 
leaft beneficial \ thofe marked M, (hew when they 
are the moft bencficial^; the former falling nearcft 
the defcending node, the latter neareft the afcend- 
ing node *. 
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" At the polar circles, when the fun touches the 
fummer tropic, he continues C4 hours above the 
horizon ; and 24. hours below it, when he touches 
the winter tropic. For. the fame reafon'the full 
moon neither riles in funnmcr, nor fets in winter, 
coniidering her as nnoving in the ecliptic. For the 
winter full moon being as high in the ecliptic as the 
luitimer fun, muft 'therefore continue as long above 
the horizon; and the fummer full moon being as 
Win the ecliptic as the winter fun, can no more 
tifc than he does. But thefe arc only the two full 
Dioons which happen about the tropics ; for all the 
t^rs rife and fet. In fummer the full moons asc 
WW, and their ftay is ftiort above the horizon, when 
the nights are ftort, and we have leaft occafion for 
"loon-light : in winter they go high, and ftay lofig 
above 
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above the horizon, when the nights are long, and 
nw want the greateft quantity of moon-light*/* 

1 (hall conclude this chapter with a fhort ac- 
cxjunt of the Angular appearance^f what is called 
the horizontal moon^ and horizontal fnn. 

In the firft place it muft be rcmvked, that both 
Ae fun andl the moon, when they arc i^ear the ho- 
rizon, appear not quite round, but a little oval, the 
longed axis being parallel to the horizon. This 
ari(es.£:onf) the different refraftive power of the at- 
laofpnere ^t different elevations, in conlcquence of 
iffhich the lowermoft linib of the fun, (and the fame 
IBuft be underftood of the moon) appears more ele- 
vated than the upper limb ; hence the vertical dia- 
meter is (hoitencd a little, whilij: the horiiontal 
diameter remains unaltered. 

But the moft fingular phenomenon is, that both 
riie fun and the moon, when, near the horizon, ap- 
pear to the naked eye ntuch larger than when they 
are higher up or upon thc-meridiart, which cnlargcij 
appearance muft undoubtedly be an optical decep- 
tion ; for if the diameter both of the fun and the 
moon be meafured by means of proper inftrumcnft 
fuch as a quadrant, a micrometer,. i&C. they will b^ 
found to be fmaller in the former than in the latW 
fituation, which is as it ought to be i becaufe whci 
they are upon the horizon, thofe ccleftial pbjfftj 
are evidently farther from us by the femi-dianictf 
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of the eaith, than when they are upon the meri- 
dian. 

The explanation of this phenomenon has exer- 
cifed the genius of diverfc able philofophers, who 
have attempted it, and have offered their various 
hypoth'efes to the public ; yet the ' phenonnenon is 
far from being thoroughly underftood. One of the 
beft of thofe hypothefes is, that as the moon appears 
Icfs bright and lefs diftinft near the horizon, than 
higher up, on account of its rays pafling through a 
greater quantity of atmofpherical air, vapours, &c. 
in the fomier cafe than in the latter; we imagine it 
to be at a much greater diftance than when Ihe is 
higher up ; for near objedts appear, c<eteris paribus^ 
more bright and diftinft than thofe which are far- 
ther off. Then as the viiual angle of the moon is 
nearly the fame at all elevations, and as our imagi- 
nation makes us conceive it to be a great deal far- 
ther off when near the horizon ; therefore^ in that 
cafe we alfo conceive it to be a much larger objeft ; 
for of two unequal objeds that fubtend the fame 
angle at the eye, the largeft muft neceffarily be the ' 
moft diftant. But upon this principle it fhould 
fcetn that, whenever the moon, or the fun, at a high 
elevation, happens to be rendered indiftinft by the 
interpofition of vapours, &c. it ought to appear as 
large as it does near the horizon/which does not feem 
to be the fadt. 

Anothei" hypothefis is, that the lower part of the 
apparent celeftial heniifpherc feems to us larger 

VOL. lY. L Chan 
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than the higher part of it ; for infl;ance> if wc guefs 
at the altitude of a cekftial objcft we always conceive 
k to make a greater angle with the horizon^ or to be 
more elevated than it really is j therefore any por- 
tion of that lower part of the hemifpherej or of any 
body in it^ appears larger than when the fame is 
higher up. But then one may naturally afk^ what 
makes us conceive the-lower parts of the apparent 
celeftial hemifphere to be larger than thofe which are 
higher up * ? , 



♦ On this fubjefk the reader may confult Dr. Wallis't 
Works, Des Cartes*s Works, Dr. Defagulicr*s Philofopby, 
Rowning's Philofophy, Dr. Smith's Optics, Dr. Brieiiley'i 
Hiftory of Light, &c. Fergufon's Aftronomyi aiid aliqcft 
all the modern Writers on Aftronomy, 
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CHAP. VII. 



OF THE TIDES, Otl OF THE BBBINC AND 
FLOWING QF THE. SEA. 



1 H £ fingular phenomena of the eiUng and 
fiowing of the fea, viz. of its alternately fifing 
falling on the fliores of nioft countries j and die 
Qtedion which ieenied to exift between thofe phe- 
iCiia and the niovements of the moon, has been 
arked and is mentbned by the writers of ^eiat 
quity *. But it was Kepler who firft (hewed diat 
Mra£fign of the moon was the real caufe of it. 
vton, in a mafterly manner, enlarged and d6- 
iflraced the various parts of the fame theory, 
ch has alfo receiv^ farther corrections and im« 
cements from the obfervations and calculations 
i6fequent philofophers. 

Ivery day, a fhort tinie after the moon's paflage 
r the meridian, the watjers of the ocean are feen 
ife on the ihores of the adjacent lands ; and this 
ailed the tide of flo$d. From that dme they 
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Such are Homer, AriftoU^ Hierodptiis, Dipd 
lus, Plutarch, &c. ' . 
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gradually fubfide, until about fix hours after they 
are at the loweft, which is called the tide of ebb. 
They then gradually rife again, and make another 
tide of flood, or are at their higheft a (hort time 
after the moon has paflfed the inferior part of the 
meridian. After that, the waters ebb again, and fb 
forth. The earth by its daily rotation round its 
axis goes from the moon to the moon again (or the 
moon appears to move round the earth from a given 
meridian to the fame again) in about 24 hours and 
'50' ; hence in that period there are two tides of flood 
and two of ebb. 

The tides are more confiderable about a day and 
a half after the new,. or the full, moon. They arc, 
cateris paribus j alfo greater when the moon is in her 
perigee than in her apagee; and likewife higher 
about the equinoxes ; fo that the higheft tides are 
obferved when the above-mentioned three circum- 
ftances take place at the fame time, viz. when the 
moon is either new or full, at the fame time that 
it is in her perigee, and about the time of the 
equinoxes, 

Thofe, and other lefs confiderable, phenomena 
relative to the tides, are eafily ftiown to depend on 
the attraftions and pofitions both of the fun and the 
moon, but principally of the moon j for though the 
fun is immenfcly larger than the moon, yet as he is 
vaftly more diftant, and the attraftion decreafes in- 
verfely as the fquares of the diftances, it follows that 
the effcft of the moon's attraftion on the waters of 

the 
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the iea, is much more donfiderable than that of the 
fun's attraAion. At a mean, that of the former 
is reckoned to^ be to that of the latter, as 5 
to 2*. ' • . 

It is evident, that if three or more bodies, be at 
different difbinces from the moon, the neareft of 
them will be attrafted more forcibly than that which 
IS a little farther ofFj this more forcibly than the 
next, and fo on. After the fame manner it muft be 
confidered that the attraftion of the mo6n towards 
the different parts of the earth is not exaftly'the 
lame ; becaufe thofc various parts are not equally 
diftant ,from it. Thus, in fig. 9, Plate XXVII. 
^bere M is the moon, and ABC the earth, the 
parts of the earth at A are attraded with greater 
force than thofe at B, and the latter more than 
Aofe which' are at C. This difference of attraftion 
K not greater than the force wherewith the folid 
parts of the earth adhere to each other, therefore it 
does not produce any derangement of figure among 
them ; but it produces a very fertfible cffe6t upon 
the fluid parts of this globe; that is, upon theiVaters 
<>f the oceans. Thus the waters at A immediately 
•^rier the moon, being attra<Scd more than the 
^ntre B of the earth is, are caufed to recede from 



•>«>• 



* As by Mr. Daniel Bernoulli. See the paragraphs 
Ar le fiux a reflux de la Mer^ ia De la Lande's Ai^a«^ 



ISO * Of the TidtSy feTr. 

it more than ' the waters at D and E>' whicb» as alfb 
the centre B^ are equkliftant from the ttiOOKki there- 
fore the diftanCe BA tnuft become greater than the 
diftance BD, or its' equal BE. Alfo the parts at 
D> B, and E, being sttrafkeci with greater force 
thai) the more diftant waters at C ; k follows^ that Ac 
diftisuice 6C itiuft likewsfe beconie grea^r than BD 
or BE} hexK:e it appears that the waters which fur>- 
round the earth> muft form^ (as far as the fftuatiofis 
of condnents^ iflands, iScc. will permit) an oblong) 
w oval> or (j^eroidical Bgure^ whofe greater axis is 
^c in the direftion of the mooq M^ and wjiofc 
ifaorter axis \^ de. 

The orbit of the moon being ellif>ticaU -having 
the earth in one of its foci^ ' it fi>llows» that the 
moon's diftance from the earth varies confidently, ^ 
and of courfe its attrailion muft vary accordingly ; 
Jience the tides arc more confiderable when the 
moon is in her perigee, and lefs io in her apogee. 

The attradioil of the fan produces a fimilw 
elongation of the fluid which furrounds this globe; 
but, as has been mendoned above, not near fb con* 
fideraWe as that which is produced by the moon. 
The effeft is likewife greater when the fun is nearer 
to the earth, as in the winter time> than when He it 
farther from it, as in the fummer time. 

It will be readily underftood, that, according to 

the different fituatians of the fun, and the moon, the 

* rides which are raifed by their refpeftive attraftions, 

will either confpire with, or counteraft, ^^^h other, 

^ .^ in . 
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in a greater or leflfer degree. Thus in fig. i, Plate 

• » 

XXVIII. T is the earth, M the moon, and S the 
fun. Then ACBD is the fpheroidlcal figure of 
the fluid part of our globe, which is formed by the 
a£kion of the moon, whereof A B is the greater axis, 
and C D the lefler ; viz. the waters at A and B, > 
Or under and oppofite to the moon, are higher than 
their ufual level ; but at C and D they are lower 
than their ufual level. EFHG reprefents the ob- 
long figure, which is produced by the aftion of the 
llin I viz. the waters are higher than their ufual 
level under the fun at E, and oppofite to it at F ; 
but they are lower than their ufual level at H 
and- G. Now by infpefting the figure it will be 
cafily comprehended, that if the longer axes of both 
thofe ipheroids coincide, as is the cafe at the time of 
a foil and of a- new moon ; viz. when the moon is in 
conjundtioh with, or oppofition to, the fun -, then the 
cfie6l is greater than in 'any other fituation of thofe 
luminaries. The very high tides, -which are raifcd 
in thofe cafes, are C2X[tAJpring tides. On the other 
hand, when the lefler axis of one of thofe fpherdids 
coincides with the greater axis of the other fpheroid, 
as is the cafe at the quadratures, viz. when the moon 
is 90*" diftant from the fun j then the two powers 
counteraft each other more or lefs, according as 
either of them is more or lefs powerful. The tides 
in thofe cafes, being not fo high as in ordinary, arc 
called neap tides. Thus, where the lefler axis C D 
of the moon's fpheroid ACBD coincides with i 
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greater axis E F of the fun's fpheroid E H F Gi 
there the two oppofite powers nearly balance. each 
other, and. of. courfe the rife or fell of the water is 
nearly infenfible. But where the greater axis AB 
of the moon's fpheroid A C B D coincides with the 
Icfler axis HG of the fun's fpheroid EHFG, there 
the elevation of the/ waters at A and B (viz. about 
the extremities of that greater aj^is) will be vcr^ 
little lefs than if it were not Co countera6ted. 
. The fituations of the fun and principally of the 
moQn, with refpedt to their declination or diftance 
from the equator, produces another remarkable 
phenomenon relative to the tides ; which is, that 
the two fuccefljve tides of the fame day are more or ' 
lefs unequal,' according as the moon declines more 
or lefs from the equator ;.fo that they are equal ^ 
only when the moon has no declination, viz. when 
it is in the equator. Thus in fig. 2, Plate XXVIII- 
where the moon M is over the equator QR, any 
given part of the earth will have the two fucceffivc 
- tides equal; for when; by the diurnal rotation of the 
earth round its axis NS, the part R comes to Q^the 
elevation of the water will be as great as .in it^' 
former fituation at R; and the fame is the cafe 
with atiy other given part at r, for either when 
this part ftaiids at r, or when about 12 hours after 
it comes to q, the floods, or the elevations, rd, qd, 
of the waters are exadlly equal. But vwhen the 
moon is diftant from the equator, as is reprcfented 
in fig. 3, Plate XXVIIL then the fame part of the 

earth 
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tcarth will have the two fucceffivc tides of tHe fame 
day unequal ; for when the given part r is at r, the 
elevation dr of the water is not equal, to theelcJ- 
vatidn q dy which is the high water or tide of the 
lame part, when, about 12 hours after, this part i^ 
by the diurnal rotation of the earth, come to q. 

" In fhor^, when the moon declines from the 
equator towards either pole, the tides are alternately 
higher and lower at places having north or fouth 
ktitude. Fpr one of the higheft elevations, which 
is that under the moon, follows her towards the 
pole to which fhe is neareft, arid the other declines 
towards the oppofice pole j each elevation defcrib- 
ing parallels as far diftant from the equator, on op- 
pofite fides, as the moon declines from it to either 
fide; and, confequently, the parallels dcfcribed by 
thcfe elevations of the water are twice as many de- 
grees from one another, as the moon is from the 
equator iincreafmg their diftance as the moon in- 
creafes her declination, till it be at the greateft, 
^hen the faid parallels are, at a mean (late, 47° from 
one another; and on that day, the tides are mofl 
unequal in their heights. As (he returns towards 
^e equator, the parallels ,defcribed by the oppofice 
elevations, approach towards each other, until ihe 
wioon comes to the equator, and then they coincide. 
As the moon declines toward the oppofite pole, at , 
equal diftances, each elevation defcribes the fame 
parallel in the other part of ^he lunar day, which its 
oppofite elevation dcfcribed before. Whilll the 

moon 



154 Of the TidiSs 55fr. 

moon has nordi declination^ the greal^ tides in the 

northern hemifpheret are when (he is above the ho- 

xizon ; and the reverfe whilft her declination is 

fouthW 

• The fame thing oiuft be underftood with refpcft 

to the eBFeft which is produced by the fun's attrac- 

tion ; allowing for the difference of powers. 

When both the fun and the moon are m the 
equator^ and the moon is in her perigee* that isj 
neareft to tlie earth, efpecially when new or full; 
then the tides are the higheft ; becaufe the attra&ion 
of me moon is grcateft, becaufe it coincides with . 
that of the fun, and becaufe they ad upon the equa- 
toreal pafts of our globe, which have the grcateft 
centrifugal force. And the effect would be in* 
creafed flill more, if at the fame time the fun 
could be neareft to the earth. But^ as the fun 
is nearer to the earth in winter than in fummcr, 
therefore it is nearer to it in February and Odtobcrj. 
than about the time of the equinoxes in March and 
September ; hence the grcateft tides take place 
fometimes after the autumnal equinox, and return a 
little before the vernal equinox. 

With refpedt to the time of the return, of the 
tides it is neceffary to obferve> that the tides do not 
return always at equal intervals of time. In order 
to comprehend the reafon of this inequality, wc 
muft confider the changeable fituation of the earth's 



* Fergufon's Agronomy, §. 304. 
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ixis with refpcft to the moon; for that axis, in 
every lunation, inclines once towards the moon, 
once from the moon, and twice fidewifc to her; 
moving gradually from onfe of thofe fituations to 
the other, exaftly as it does with rcfpcft to the fun 
in the courfe of one year \ the moon going round 
the ecliptic in one lunar month, as the fun goes 
round the ecliptic in one year. 

Farther, as the greateft axis of tht fluid fpheroid, 
formed by the attraftion of the moon, is always di- 
iPC^ted towards the nnoon, if we imagine that a 
l^ane be drawn along that greater axis, and perpen- 
dicular to the moon*s orbit, it is evident^ that this 
plane marks the two oppofite or fucccflive tides of 
flood, fo that when any given place on the furface 
of the earth croflcs this plane, which it does twice a 
day, it mufl: then have high water. Now it is eafy 
to conceive, that when the axis of the earth is in- 
clined towards or from the moon, it muft then lay 
in the above-mentioned plane, which plane in either 
of thofe cafes mufl: evidently cut each parallel of 
latitude into two equal parts \ confequently, fince 
the earth turns equably round its axis, a given point 
on the furface of it mufl: be as long in going from 
one interfeftion with that plane to the other inter- 
fcftion on one fide of it, as from the latter to the 
former on the other fide of it. Or, in other words, 
the tides ^return to the fame place at equal inter- 
vals of time. But when the axis of the earth In- 
clines fidewifc to 'the moon, then the parallels 

of 
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of latitude are cut unequally hj the aibove- 
mentioned plane ; confequently, in that cafe,^ the 
tides return to .the fame place at unequal intervals 
of time 'y for that place, having a certain latitude, 
will be a longer time in going from one interfc<5tion 
with the plane to. the other intcrfcftion, than from 
the latter to the former. 

Fropi, the foregoing theory, it follows that 
** when the earth's axis inclines to the moon, 
the northern tides, if not retarded in their paflage 
through ftioals and channels, nor affcfted by the 
winds, ought to be greateft when the moon is 

. above the horizon, Icaft when (he is below it j and 
quite the reverfe when the earth's axis declines 
from her 5 but in thofe cafes they return at equal 
intervals of time. When the earth's axis inclines 
fidewife to the moon, both tides are equally high; 
but they happen at unequal intervals of time. la 
fummer, the earth's axis inclines towards the moon 
when new ; and therefore the day-tides in the 
north ought to be higheft, and night -tides loweft 
about the change : at the full, the reverfe. At 
the quarter, |:hey ought to be equally high, but 
unequal in their returns ; becaufe the earth's axis 
then inclines fidewife to the moon. In winter the 

. phenomena are the fame at full moon, as in futn- 
mef at new. In autumn the earth's axis inclines' 
fidewife to the moon, when new and full ; there- 
fore the tides ought to be jsqually high and unequal 

in 
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in their returns at,thefc times. At the firft quarter 

the tides of flood fhould be leaft when the moon is 

above the horizon, greateft when (he is below it; 

and the reverfe at her third quarter. In fpring 

the phenomena of the firft quarter anfwer to thofe 

of the third quarter in autumn ; iand vice ver/a. 

The nearer any time is to either of thofe feafons,, 

the more the tides partake of the phenomena oF^ 

thcfe feafons ; and in the middle between any two 

of them, the tides are at a mean ftate between thofe 

of both V 

Thofe general rules are perfeftly Vitrified by ex- 
perience as long as no extraneous difturbing caufcs 
interfere. 

It has been but flightly mentioned in thfe preced- 
ing pages of this chapter, that the greateft elevation . 
of the waters takes place fometime after the moon'is 
paffage over the meridian ; and the fame thing is 
true with refpeft to the fpring tides, viz. that they 
take place fometime after the conjunflion, or the 
^Ppofition of the fun and moon. This is the cafe 
^^en in open feas, where, at firft fight, it might be 
^xpefted that the greateft elevation of the water 
^ould be direftly under the moon, where the at- 
t^aftion is ftrbngeft. But an obfervation fimilar to 
"Ut which has been made (page 89, vol. II L) 
''clativc to the greateft heat of the day, which tak<» 
Pface a confiderable time after the fun's paffage over 



# Fergufon's Aftronomy, §, 307. 
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the meridian, will eafily explain the aboye-mtndoned 
phenomenon of the rides i namely, that when a cer- 
tain power communicates an energy, and though the 
aftion of that power be aAually decrealingi yet 
the 'cffeft, or the accumulation of the energy, will 
(lill continueto increafe as long as the wafte of that 
energy in a ^iven time is kfs than the addition 

* which is made to it in the fame time. Thus> fup- 
pofe that a peHbn*s expenditure amounts to 10 
pounds per day j then, if to-day \ic receives lo 
pounds, to-morrow he will have left 10 pounds^ 

' for he muft fpend the other 10 to-day. Then if 
to-morrow, inftead of receiving 20 pounds, he re- 
ceives 15, and, as ufual, he fpends 10 pounds out 
of it, he will have left, in all, 15 pounds $ and if 
the day after to morrow he receives only la pounds, 
and as ufual fpends only 10, he will have left upon 
the whole 17 pounds 3 which evidently Ihews diat 
though his daily receipt is conftantly decreafing, yet 
his'ftock is increafing, and will continue to increafe 
as long as die daily receipt exceeds the daily expen- 
diture. 

Now, with refpe<5l to the tides, it muft be confi- 
dered, that the waters of the oceans, once put in 
motion by the attraction of the fun and moon, 
would of themfelves continue to move for a con (i- 
derable time, though the adion of the fun and 
moon Ihould be fufpend^d. Like a bafon of water, 
or like a pendulum, which, if once put in motion, 
will, without the renovation of the impull?, continue 

td 
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to vibrate for a confiderable time after. In the like 
manner, if the moon's attradion (hould ceafe, the 
moment fhe has paflfed the meridian, the waters 
of the oceans would dill continue to rife for fome 
timle. after, in confequence of the impulfc received 
before the ceflation of ^the moon^s adVionj and there- 
jbre they muft continue to rife much more when 
that adion, inftead of being annihilated, is only 
diminifhed. 

The time which elapfes between -the moon's 

paflage over the maeridian, and the high water or 

hooA^ even in open feas, is not always the fame ; 

but it is fometimes longer and at other times fhortcr 

than ordinary, which arifes from the concurring 

adjon of the fun i for when the moon is in her firft 

and third quarters, the tides railed by the moon are 

accelerated by the fun, becaufe in thofe- cafes the 

tides raifed by the fun alone would come on earlier 

than thofe of the moon. And when the moon is 

in her fecond and fourth quarters, the tides railed 

by her are retarded by the fun ; becaufe, in thofe 

cafes, the tides raifed by the fun alone would come 

oh later. In general, the greateft height of the water 

in open feas, takes place about an hour after the 

moon's meridional pafTage. 

. Befides the acceleration' or retardation which arife 

from the influence of the fun^ the tides are con(i- 

derably aficAed, in point of height and 6f periodical 

return, by local circuixiftances. In the open feas 

the rife i^ the water is finaU in comparifon to what 
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it is in contrafted channels, widc-mcmthed rivers, 
'&c, where the water is accumulated by the contrac- 
tion and oppofuion of the banks, 

•* The tides are fo retarded in their paffage 
through different fhoals and channels, and other- 
wife fo varioufly afRfted by ftriking againft capes 
and headlands, that to different places they happen 
at all diftances of the moon from the meridian f 
confequently at all hours of the lunar day. Tbe 
tide propagated by the moon in the German ocean, 
when fhc is three hours paft the meridian, takes 12 
hottrs to conne from thence to London bridge; 
"^here it arrives by the time that a new tide is raifcd 
in the ocean : and therefore, when the moon has 
north declination, and we Ihould expedt the tide at 
London to be greatefl when the mooi} is above the 
horizon, we find it is leaft ; and the contrary when 
fbe has fouth declination. At feveral places it is 
high-water three hours before the moon comes to 
the meridian \ but that tide which the moon puflies 
as it were before her, is only the tide oppofite to 
that which was raifed by her when fhe was nine 
hours paft the oppofite meridian. 

*^ There are no tides in lakes, becaufe" they are 
generally fo fmall, that when the moon is vertical 
Itie attrafts every part of them alike, and therefore, 
by rendering all the water equally light, no part of 
it can be raifed higher than another. TheMediter- 
raHeari and Baltic feas have very fmall elevations, 
becaufe the inlejts by which they»comraunicate with 
. 1-. the 
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,the ocean are fo narrow, that they cannot, in fo lh6rt 
a time, receive or difcharge enough to raife or fink 
their furfaces fenfibly *•" 

The time of high water in different parts of the 
world, or rather the time which elapfes betwieen 
the high water tide and the moon's arrival at the 
meridian, can only be learned from experience -, and 
therefore the obfervations made in different places 
relative to this, arc coUefted into tables, which are 
to be met with in feveral almanacks, and in trcatifes 
on navigation, fuch as Robertfon's, Bougucr's, &c. 

The action of the moon upon the atmofphere has 
been noticed in. the lecond volume of thefe Ele- 
ments, page 242, and following. 



f/ 
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CHAP. VIII. 



OF THE MATURE AND MOVEMEKTS OF THfeSttK 

AND PLANETS. 



TH E movements, the appearances, and the 
mutual influence, of the furi, the earth, and 
the moon, are undoubtedly more ftriking and mote 
interefting to us than thofe of the other celeftial 
objefts : hence particular notice has been taken of 
the fame in the preceding chapters of this volume. 
But in defcribing the appearances and the move- 
ments of the other celeftial objefts we (hall endea- 
vour to be more concife, efpecially becaufe the fimi- 
larity of their motions to thofe of the earth, will; 
in a great rtieafure, fuperfede the neceflity of 
giving very minute explanations of feveral parti- 
culars. 

In order to facilitate the comprehenfion of what 
follows, the reader is requofted to recoiled what 
has been in a particular manner explained before, 
relatively to the planets j namely, that the planets, 
both primary and fecondary, move in elliptical or- 
bits i and that the primaries, together with the fufli : 

move round '^ common centre of gravity, which 

centre 
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:entrc of gravity is not coincideqt with the centre 
)f, but is not out of the body of, the fun. Alfo the 
econdariesi or moonsj or fatellites which belong to 
i plaheti revolve roUnd k centre of gravity common 
to them and to their primary i fo that io truth the 
pointi which defcribes the planetary orbit round the 
Tun is not the centre of fuch a planet as has fatellites^ 
but is the conimon centre of gravity: of that planet 
and its fatellites i thus it is not the centre of the 
^arth, but the conunon centre of gravity of the earth 
and mOon^ that defcribes the annual orbit round the 
fiiDi This centre of gravity is as much nearer to 
die centre of the earth than td that of the mdon, by 
as much as the quantity of matter in die moon is 
lefs than the quantity of niatter in the earthy viz. 
as I to 38^9; therefore, fince the diftance of the 
moon from the earth is 240000 miles *, by dividing 
this diftance in the above-mentioned proportion, we 
fliall find that the common centre of gravity of the 
tarth and moon is only 6015 miles diftant from the 
centre of the earthy which diftance being but trifling. 
We have, for the fake of avoiding prolixity, not no- 
ticed it in the explanation of the annual movements 
of the earth. 

The reader is likewifc requefted to recolleft 
Kepler's general laws relative to the planets ; 
namely, that the areas defcribed by a right lirie 



_ _ • 

* See page 115 and 116 of this volume. 
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connc6ling the centre of attraftion and the rcvobrmg 
planetj are always; proportional to the times in which 
they arc defcribcd, and that the cubes of their dif- 
tances from the fun are as the fquares of the times 
of their periodical re volutions. 

For the fake of brevity, as alfo for the convc- 
Biency of comparifon, the diameterSj diftanced^ re- 
volutions, and other remarkable particulars reh- 
tively to the fun and planets, have bcfen diipofedln 
a table which ftands at the end of this chapter, and 
concerning which we (hall fubjoin the fidlowingex* 
planations s we ihall then add fuch other particulars 
as could not conveniently be dated in the form of a 
table. 

The I ft column of the table, which immediately 
follows the names of the principal bodies of the 
folar fyftem, contains the apparent mean diameters 
of thofe bodies i that is, when they arc at their 
mean diftances from the earth. Thofe diameters 
have been afcertained by means of micrometricat 
meafurements ; but feme uncertainty exjfts with 
refpcdt to .the two new planets, Ceres and Pallas j for 
the meafiirements of their 'diarfieters, as given by 
different aftronomers, do not agree with each other. 
The moft accurate obfervacions hitherto made upoir 
Mars, Jupiter, Saturn, and the Georgium SiduJ, 
prove that there is a fenfible difference between their 
equatorial and polar diameters j the former being 
longer than the latter, which is undoubtedly owing 
to the gteater centrifugal force of their equatorial 
"^ , parts; 
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parts ; as is the cafe iwith the earth* Though it be 
not proved by a6);ual obfervations, yet analogy in- 
duces us to believe,- that a fimilar difference exifts 
between the equatoreal and polar diameters of all 
Ae other planets. 

The 2nd column of the table contains the di- 
ameters which the planets would appear to have to 
afpcdbator in the fun. Thofc are obtained by com- 
putation*. 

» 

The 3d column contains the real mean dianie- 
ters in Englifh milesi Thofe diameters are ob- 
tained by computadpn from their refpeftive appa- 
rent diameters and diftances. 

The mean diftances of the planets from the fun, 
in round numbers of Englifli miles, are contained 
in the 4th column of the table. Should any per- 
Ton wifh to have thofe diftances more accurately, he 
naay eafily deduce them from the proportional 
numbers of the 5 th column, and by the common ' 
rule of proportion i fuppofing that the mean dif- 
cancc of the earth, viz. 95 millions, is fufficicntly 
accurate. 

The mean denfity of all the parts which form each 
planet, compared to that of water, is contained in 
^t 6th column ; and tte 7th column contains 
the proportion between the quantity of matter in 
the fun, as alfo in each planet, and that of the earth, 
which is reckoned ' oiie, or unity ; thus Jupiter is 
reckoned to contain fomewhatmore than 312 times 
u much inatter as the .eaith> &c. 

Mj The 
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The inclinations, or the angles which the orbits 
of the planets form with the plane of the ecliptic, are 
contained in the 8 th column. 

The 9th column (hews the inclinations of the 
axes of fome celeftial bodies to their refpeftive or- 
bits. This column is deficient on account of the 
very. great difficulty of nriaking the necel&ry obfcr- 
vations ; for this inclination of the axis of a planet 
is only to be deduced from the oblique or curvili- 
near motion of the fpots of the planet. 

The diurnal rotations of the loth rolumn are 
alfo derived from the motion of the fpots. 

The nth column contdns the tropical revolu- 
tions, viz. the time employed by each planet in 
paffing over the 1 2 figns of the zodiac. And the 
time which each of them employs in going from any 
fixed ftar to the fame again, is contained in the lath 
column. The particulars of this, as well as of the 
two preceding columns, are exprcffed in days, hours, 
minutes, and fcconds. 

The 13th column contains the aphelia of the dif- 
ferent planets, viz. the higher apfis, or the place of 
the ecliptic, towards which the. planet is diredcd 
when it ftands at that point of its orbit, which is 
the mod diftant from the fun. Thofc parts of the 
ecliptic are expreffed in figns, degrees, minutesi 
and feconds. 

The J 4th column contains the fecular motions 
of the aphelia of the preceding coluncin j viz. the- 
motion of the aphelion of each planet in 100 years. 

'This 
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This is obtained by dividing the difference betwetn 
die place of the aphelion, as determined many years 
ago, and as afcertained lately, by the number of 
centuries, or fradlional parts of a century, elapfed 
between the abovc-mentionGd two determina- 
tions. 

Column the 15th, contains the eccentiicities of 
the orbits, each mean diftance being reckoned 
jooooo. From this and the 4th column, the 
eccentricity of each orbit may be had in miles. 
Thus the earth's mean diftance from the fun is 
95000000 of miles, and the eccentricity of its 
orbit is 1681,395 i therefore fay, as looooo : 
1681,395 • • 95000000 to a fourth proportional, 
viz. to 1597325,25, which is the eccentricity of the 
earth's sorbjt in miles. 

The 1 6th column contains the grcatcft equations 
of the centres, viz. the difference between the true 
and the mean anomaly for each planetary prbic. 

The 17th column fhews the place of the amend- 
ing node of each planetary orbir, which gives the 
fituation of the, line of nodes. This may be ex- 
preffed either by the charafters of the figns of the 
zodiac, or, by the number of figns, always reckon- 
ing from the firfl point of Aries ; together with the 
odd degrees, &c. Thus i', 15% 20', 43'^ is the 
fame as «, 15% 2q\ 43'', and 3', f\ 55', 32", is 
the fame as 05, 7% 55', 32''. — The fame obfcrva- 
tions may be applied to the 13 th column. 

M 4 The 
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The fecular motion of the nodes, or movement 
in lOo years for each planet, is cx)ntained m the 1 8th 
• column. Thofe are obtained in the fame nianner as 
has been faid of thfe 14th column. 

It was impoflible to avoid fome inaccuracies' 
among the particulars of the annexed table, princi- 
pally becaufe the obfervations, hitherto made, do 
not always afford very accurate refuhs s wc fliaU, 
however, endeavour to point them out in the fol- 
lowing paragraphs ; wherein the reader will find 
feveral particulars relative to the fun and planets, 
' which could not be exprefftd in the form of a 
table. 

The fplendor of the fun even long before the dif- 
covery'of telefcopes has been obfcrved to vary at 
different and uncertain times j when viewed through 
a telefcope, the furface of the fun is'almoft always 
found to contain certain dark fpots of various fizes 
and duration. It is from the motion of thofe fpots 
that the fun has been found to move round its owii 
axis, and that its axis has been found to be inclined 
to. the ecliptic. 

The conftant emanation of heat and light from 
that immenfe body, has long fuggefted the idea of 
the fun's being a globe of fire, of the fpots being 
the fcoria of the burning matter, and of feme 
acceffion of matter being necefTarily required to 
fupply the conftant wafte which arpfe from the ema- 
nation of heat and light. But the more or lefs 

powerful 
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powerful telefcopcs ufed by different obfcrvers, and 
the tendency of preconceived fyftems, have givtn 
birth to a variety of opinions relative to the. nature 
of the ftin. Thus the fpots have been fuppofed to 
be bodies of very irregular figures revolving about, 
the fiin, and very near its furface. Thofc fpots have 
alfo been confidered as the tops of rocks or moun- 
tainsy onthe fuppofition that the fun is an opaque 
body covered with a liquid igneous matter. They 
have likewife been looked upon as excavations in the 
lunniinous matters of the fun. In the year 178 8> a 
very learned and worthy gentleman publiftied a dif- 
fertation concerning the light of the fun, in which 
he advanced that the real body of the Jun is lejs than 
its apparent diameter ; and that ;we never difcern the 
real body of the Jun itfelf except when we heboid its 
fpots i and that the fun is inhabited as well as our 
earth', and is not flecejfarily fubje5l to burning heat i 
and that there is in reality no violent elementary heat 
ixifHng in the rays of the fun themfelves effentially *. 

Several years after the publication of the laft 
mentioned opinion, Dr. Herfchel began to publifli 
in the Philofophical Tranfaftions, his theory con- 
cerning the nature of the fpn, and to which he was led 
by his numerous obfervations made with his moff 
improved inftruments,*and the moft perfcvering in- 
duftry. This theory, in brief, is as follows : 



• Morfels of Criticifm by Edward King, Efquire, F.R.S. 
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The fun^ he thinks^ i& ^ moil magnificent habiu- 
ble globe furrounded by a double let of clouds. 
Thoie^i which are nearer its opaque body, are lefs 
bright and more clofely connc&ed together than 
thofe of the upper ftratum» which form the lumi- 
nous apparent globe we behold. That luminous 
external matter, as Dr. Herfchel obferves^ is neither 
a liquid nor an elaftic fluid of an atmofpheric na- 
ture ; for in either of thofe two cafes, it could not 
admit of any chafms, or openings. Xt^i^fore,it 
muft be concluded, that this fhining matter exifts in 
the manner of empyreal, luminous^ or phoiphoric 
clouds, refiding in the higher regions' of the folar 
^tmofphere. The dodtor then is of opinion that the 
fpots, commonly io called, are only accidental 
openings between the luminous clouds, through 
which we behold the opaque body of the fun, or 
the inferior, lefs luminous clouds \ hence the fpots 
appear of different fhades. In confcqqencc . of this 
theory. Dr. Herfchel rejcfts the old names of fpots, 
nuclei, penumbae, faculae and luculi, which odier 
aftronomers had given to the various appearances 
Qn the vifible furface of the fun j and adopts the 
following terxns, which we fhall exprefs in his own 
words ; and from an explanation of which the reader 
ipay acquire a more competent idea of his hypd- 
thefis *. 



• Sec Dr. Hcrfchel's Papers in the Phil. TranC for the 

years 1795 and 1801. 
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*^ Openings are thpfc places where, by the acci- 
dental removal of the luminous clouds of the fun; 
its own folid body may be fecn ; and this not being 
lucid, the openings through which we fee it may, by 
a common telefcope, be miftaken for mere black 
Ipots,' or theirnuelei/* 

** Shallows are extenfive aftd level deprcflibns of 
the luminous folar clouds, generally furrounding 
the openings to a conQderable diftance. As they 
are tefs luminous than the reft of the fun, they feem 
to have fbme diftant, though yery imperfeAreferp- 
blanceto penumbras; which might' occafton their 
having been called fp formerly." 

*^ Ridges . are bright eleV^ations of luminous mat- 
ter, extended in rows of an irregular arrange- 



ment.** 



*' Nodules are alfo bright elevations of luminous 
matter, but confined to af^fmall fpace., Thefe no- 
dules; and ridges, on account of their being brighter 
than the general furface of the fun, and alfo differ- 
ing a little fron? it in colour, have been called faculse, 
and luculi." 

*^ Corrugations^ I call that very particular and rcr 
markable unevennels, ruggednefs, or afperity,^whiph 
is peculiar to the lunainous folar clouds, and extends 
all over the furface of the globe of the fun. As the 
deprefled parts of the corrugations are lefs luminous 
than the elevated ones,* the difc of the fun has an 
appearanccf which may be called mottled.'' 

~ . ' " Indentations 
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. ^ Indentations are the deprefled or hw parts of 
the cbrrugations i they alfo extend over the whole 
fur&ce of the luminous folar douds/* 

^^ Pores are very fmall holes or openingt» dxnit 
the middle of die indentations/' 

The planet next to the fun is Mercury. The 
proximity of this planet to the fun^ renders it fel- 
dotti vifible, confequendy the aftronomers hxyt not 
had many opportunities of making numerous and' 
accurate obfervations upon it. No fpQf& have as 
yet been difcovered ypon its difc5 confequendy nei* 
ther its rotation about its axis, - nor die pofidoQ of 
that axis, can be determined ; yet Mr. Scfaroeter .i$ 
induced, by fome of his obfervations, to believe that 
the period of Mercury's rotation about its axis is 
24 hours and 5 minutes *• That, according to its 
fituation with refpeft to the earth and the fun, this 
planet muft fhew phafes, in great meafure fimilar 
to thofe of the moon, has already been mentioned, 
and I think" it needs no farther illuilration. The 
tranfit of Mercury over the difc of the lim docs by 
no means take place at every revolution of the 
planet ; for fince its orbit is inclined to the ecliptic, 
making with it an angle of about feven degrees, and 
croffing it at the two nodes, it is evident that the 
planet cannot be feen to pals over the difc of die 



. ♦ De La Londe's Hiftory of Aftroriomy % 1800. 
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[un, unlefs its nodes happens to be in, or fiifEci- 
^ntly near, the line which joins the fun and the 
earthi 

Venus, vulgarly called the morning or evening 
ftar^ according as it precedes or follows the apparent 
courfe of the fun, is^ a very brilliant planet, lituated 
between us and Mercury. It has long been doubted 
whether ^ny fpots were really vifible upon its difc 5 
and indeed even at prefent it is far from being ulti- 
mately determined. Some aftronomers have per- 
ceived fpots and even mountains upon its difc Dr. 
Herfchel, however, could never fee any fuch ap- 
pearances; hence he is of opinion, that neither the 
rotation of this plahet, nor the pofftlon of its axis, 
can as yet be determined, that it has a confiderablc 
atmofphere, and that from its apparent diameter, 
Venus fcems to be larger, and not as commonly 
believed fmaller than the earth* The lame obfer- 
vations, which have been made with refpect to the 
phafes of Mercury, and to its tranfit over the fun, 
muft be undcrftbod of Venus atfo. Thofe tranfits 
are of great ufe to aftronomy ; but the tranfic of 
Venus being much more ufeful on account princi- 
pally of its moving flower s no pains , have, been 
fpared in calculating the times of its taking place, 
or in obferving it at the aftual time. " The chief 
ufe (fays Dr. Halley) pf thefe conjunftions, i^ accu- 
rately to determine the fun's diftance from the earth, 
or its^ parallax, which -zftronomcrs have in vain at- 
tempted 
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tempted to find by various other methods; for th(^ 
minutenefs of the angles required, cafily eludes the 
niceft inftruments. • But in obfervmg the ingrefs of 
Venus into the fun, and her egrefs from the fame, 
the fpace of time between the moments of the inter-f 
nal contadts, obferved to a fecond of time, viz. ^ of 
a fecond of an arch, maybe obtained by the afliflance 
of a moderate telefcope, and a pendulum clock, that 
is cpnfiftent with itfelf exaftly, for the fpace of 6 or 
8 hours. Now, from two fuch obfervations rightly 
made in proper places, the diftancc of the fun 
within a 500th part may be certainly conclud- 
ed." ^ / 
* Of the earth and moon, enough has already been 
laid in the preceding chapters. 

Mars is the planet which comes next to the earth 
in order from the fun. The appearance of this 
planet is by no means fo bright as ~ that of Venus, 
or even that of Jupiter which is much farther from 
the fun. Its colour is fomewhat inclining to red* 
The beft or moft recent obfervations on this planer, 
feem to be . thofe which have been made by Dr. 
Herfchel, who obferved feveral remarkably bright 
ipots near each pole of Mars, which fpots feemcd 
to have a fmall motio;i *. The refults of his ob- 
fervations are that the inclination of the axis of 



* Philofophical Tranfailions for 1784. 

Mart 



of the Sun and Planets. 175 

Mars to the ecliptic is 59% aa"; the node of its axis 
is in K 17% 47^ i the obliquity of Mars's ecliptic is 
28% 42" 5 the point Aries on its ecliptic anfwers to 
our t 19% a 8'. Its equatorial is to its polar diamc- 
tcr nearly as 16 to 15. 

. Next to Mars come the two new planets> viz. 
the Ceres Ferdinandea, and Pallas, v/hich, ori ac- 
count of their remarkably fmall fize. Dr. Herfchel ; 
propofes to difcriminate by the appellation of afte- 
raids. Nothing particular has as yet been difcovered 
with refpeft to the appearances of thofe planets. 
They Ibmetimes appear round and well defined, at 
other times they appear to be furrounded by a coma 
or hazinefs, the denfity and extent of which feem to • 
vary with the ftate of the atmofphere. It is faid that 
Mr. Schroeter fufpeds that the Ceres has two fatel- 
Ktes. This, however, is much in want of confirma- 
tion. 

The beautiful planet Jupiter is the next in order. 
With refpe£l,to fplendour, this planet yields, upon 
the whole, only to Venus. When viewed through 
a tolerably good telefcope, fome zones or belts are 
feen upon its difc, which run parallel to its equator 
or nearly fo. Thofe belts are of a darker fhade 
and variable hi number, in breadth, and in intenfityj 
hence they have been generally' fuppofed to be af- 
ferablages of clouds, probably driven by certain 
winds of Jupiter's atmofphere, which may blow in 
particular dircftions in different parts of that at- 

moipherCf 
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mofpherc, fomewbat like our equinoctial mnSts, 
or the monlbons. Some 'large fpots have often 
been fcen in thofe belts, >vbich have vaniflied wM 
the contiguous belt. Sometimes the belts are npt 
continuatc> but interrupted or broken ; in which 
cafe the broken end ihews, that the belts as well as 
the above-mentioned fpot revolve ia the fame time f 
but it is remarkable that thofe which arc nearer ihc 
poles of the planet revolve fomewhat flower than 
thofe which are near its equator; but this time of 
rotation varies a little, and the time of rotation of 
thfe fame fpot dimiiiifhes*. 

According to Schroeter, Jupiter's rotation about 
its axis is performed ^in 9^, 55", 37% This rota- 
tion is much quicker than that of the earth about its 
axis? hence the difference between the equatorial 
and the polar diameters of Jupiter, is much greater 
in proportion than that which has been found be- 
tween the two diameters of the earth; thfc equato- ' 
rial parts of Jupiter having a very great centrifugal 
force. By the belt meafurements, the polar diame- 
ter of Jupiter is to its equatorial diameter as 12 to 



♦ Dr. Herlchel, in the year 1788, obferved that the time 
of revolution of a certain fpot altered in the following 
manner. From February 25^ to March 2, it re;vo]\red in 
9\ SS^\ ^'O'- From the 2nJ to the I4th^ of March, in 
9\ SV'\ 58''> i^nd from the 7ch to the 12th of April in 
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I J. Thq axis of Jupiter is nearly jwpendicular to 
its orbit 1 fo that upon it the change of feafons muft 
be next to nothing. 

Jupiter is furrounded by four moons, or fatcUiccs, 
of different fizcs, which oiove about it in different 
tiaies and different limits of elongation. In confe-^ 
quence of their different movemcnts> thoie fatellites, 
which can never be feen without a telefcppey arc 
found always differently (ituated. Fig, 4, Plate 
XXVIII. exhibits the (ituation of Jupiter and its 
four fatellites on a particular night \ and fig. 5^ 
'exhibits the fame as they would appear to a fpe£ta* 
tor fituated in the heavens, perpendicularly over 
their orbits. The numbers i, 2, 3, and 4, denote 
the fatellites, and the circles which pafs through 
them in fig. 5, reprefent their orbits; that fatellitc 
which performs its revolution neareft to the planet 
being called the jfr/?, the next being called the 
ficondy and fo on. 

It is from a variety of appearances, fomewhat 
like thofe of fig. 4, that the knowledge of the real 
diftances, periods, and other particulars- relative to 
thofe fatellites, has been derived ^ and the principal 
obfervations which have furnifhed it are ^s follows: 

I. Each fatellitc is fometimes feen on the eaftem, 
and at other times on the wcflcrn, fide of the planet* 
The greatefl diftance from the primary, at which 
each of them is feen, points out the extent of \x% 
orbit; for this greatefl elongation is as much on one 

VOL. IV. N fide 
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fide of the pHnet as on the other fide. The tinnc 
which elapfes between thofe two eldngations^ is 
about half the fatellitc's periodical revolution, or 
half the time of its greateft elongation on one fide, 
and the next elongation on the fanne Gde. 
• 2. Every one of the four fatellites, in going from 
. the wcftern to the eaftern fide of the planet, certainly 
goes beyond or behind the planet ; for in that cafe 
they are fometi'mes iiid by the planet, and at other 
' times are feen either above or below it, but never 
ovo" ifa difc ; whereas in their courfe from the eaftcra 
. to the weftern fide of the planet, thofe fatcUitcs 
which pafled behind, now pafs over the difc of the 
planet, thole which paflfed above, now pafs below, 
and vice verfa ; which evidently proves that they 
fhove round Jupiter in the diredtion from the weft 
towards the eaft, the fame way that all the planets 
move round the fun. 

3. *^ The paths of the fatellites being reduced to 
their refpeftive planet's centre, Ibmetimes appear 
reSilinear, pafling through that centre, and inclined 
\n a certain direftion to its orbit. Afterwards they 
change more and more into ellipfes, during one 
quarter of the planet's annual revolution ; and all 
the fuperior conjunftions are then made abffve the 
planet's centre, and the inferior conjunftions beloio) 
it : during a fecond quarter of the planet's revolu- 
tion, thefe ellipfes become narrower, the fatellites 
arc nearer the centre in their conjundions, and at 

the 
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the end of a fecond quarter of the revolution, all the 
ellipfes are again become right lines with equal in- 
clination, but in a contrary dire(^ion. In the third 
quarter of the' revolution, they arc formed a-new 
into ellipfes, the fuperior conjunftions are made 
below the centre, and the inferior ones above. Laftly^ 
in the fourth quarter of the revolution, when the 
planet is returning to the fame point of its orbit, 
thefe ellipfes again decreafe in breadth, and all re- 
turns to its firft ftatc/' 

4, ^* The times of the fuperior and inferibr con- 
junftibns of the fatellites, being compared, theur 
intervals are nearly equal to their femi-revolu- 



tion/' 



In Ihort, all thofc obfervations prove that the la* 
tellites move all one way, and almoft equably round 
their primary, in curves that return into themfelves ; 
the planet being in one of the diameters of each 
curve J that the planes of the orbits of the fatellites 
are inclined to the plane of the orbit of the primary, 
and each croiTes it at two points, called the nodes^ 
of "which one is the afcendingy and the other the de* 
Jcending node \ that when the earth happens to be in 
the direction of that line of nodes, then the fatellites 
appear to move in ftraight lines; otherwife they 
appear to move in ellipfes, the planes of which are 
turned with one fide or with the other towards the 
earth, according as the earth happens to be ficuated 

N 2 on 
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on one Ode or the other of the above-mentioned line 
of nod^s*. 
' Everyone of the fatellites of Jupiter^ like our 
mooDi are liable to be eclipfed by paflTing through 
the (hadow of their primary. Knowing the fituacioa 
of Jupiter with refpedt to the fun, which gives the 
diredionof its ihadow, and the -movements of the 
fatellitej one aiay eaQly calculate the time of ail 
eclipfe of that latellite. In faft, tables of iall the 
eclipfes of thofe fatellites are annually publiflied in 
the Nautical Almanac, and other annual publications 
of the like. kind. 

The calculations and obfervations of thofe eclipfes 
are not merely matters of ufelefs curiofity 5 but they 
anfwer a moft ufeful purpoiei which is that- of find« 
ing the longitude of one place from another on the 
furfaceof the earth, as will be particularly explained 
hereafter* Another grand difco very* was originally 
deduced by Mr. Roemer from thofe eclipfes, and 



• It is evident that the motion of the fatellites round 
Jupiter is produced by the fame caufes as that of the pbnetf 
round the fun ; viz. they are attradled by the planet, at the 
fiftlb time that they are actuated by an iihpuliive force which 
Jrevcnts their felling upon the planet; hence riiey muft 
IbUow Kepler^s laivss viz. each of them muft defoibt 
round the planet areas proportionate to the times i and did 
cubes, of their mean diftances from thQ jplaoetiQtt&beaS tkc 
fi^uares of their periodical, times. 

3 ^ 
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luis afterwards been confirmed by means of other 
obferviations^ efpccially thofe made by Dr. Bradley 
upon the fixed ftars i namely, that light moves not 
inftantaqcoufly, but progreffi vely, entpbyinga certain 
time in going through a certain fpace; viz. it moves 
at the rate of almoft aooooo milet in one iecond 
of time ; which was firft determined by obfervirig, 
that when the earth is between the fun and Jupiter, 
in which cafe the earth is neareft to Jupiter, the 
eclipfes of the fatellites appear to take place yi(?«^ 
by about 8 \ minutes, than they (hould appear ac- 
cording to the calculation as ftated in the tables ; 
whereas, when the earth is fartheft from Jupiter, or 
when Jupiter is beyond the fun, then the eclipfes of 
the fatellites appear to take place about 8 \ later 
than they ought to appear according to calculation; 
therefore light takes up a longer time in percurring 
a greater diftance ; and, as the difference between 
the two diftanccs of Jupiter from the earth in the 
above-mentioned two fituations, is equal to the di- 
ameter of the earth's orbit, which is equal to about 
ijoocxjooo miles, we naturally conclude that light 
employs twice 8 i, or about i6 f minutes in per- 
curring 190000000 miles. 

The elements, or the periods, diflances, arid 
other particulars, relative to Jupiter's four fatellites, 
are ftated in the following table; from which the 
configuration, and tlie eclipfes of thofe fatellites may 
be calculated. It inuft be obferved, however, that 

N 3 fuch 
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fuch a table requires to be correded from dme to 
time> and according as more accurate obfervations 
are made ; for the motions of tbofe fatelUtes are 
fid)je6): to irregularities fimilar to, and even greater 
than^ thofe of our moon ; the^ being fuk^ed to the 
(ame difturbing caufesj and likewife to their mutual 
aAions upon each othen 
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.. Saturn comes next to Jupiter in order from die 
fun. This planet can hafdly be diftinguiflied fixim a 
fixed ftar by the naked eye j but when feen through a 
good telefcope, Saturn exhibits a moil fingular ap- 
pearance. In ihorti it is furrounded by a thin, flat, 
broad) and luminous ring, as is reprefented in fig. 
6, Plate XXVIII. which does not touch the body 
of the planet 5 leaving a confiderable fpacc all 
round. Befides the ring, this planet is furrounded 
by feven moons of different fixes, which revolve 
about it in different periods; but thofe fatellites 
cannot be feen without a moil powerful tdct 
cppc. 

Upon the body of Saturn, belts, fimiUr to thofe 
of Jupiter, but much lefs diflinft, are alfo vifiblci 
and thofe belts feem to be parallel to the plane of 
the ring, and to the planet's equator, which is in the 
diredlion of the ring; the diameter of the planet in 
that direftion, being to the diameter perpendicular 
to it, or to its polar diameter, as 11 to 10 nearly. 
From the motion of fome broken parts jof the beta 
or fpots, it has been lately determined that Saturn 
turns round its axis, like the other planets^ in the 
direction of the figns, in lo^ 16% 2% nearly. .. 

Saturn's ring is divided into two parts by ajtrongi 
permanent, and well defined dark line aaa^ and 
its outer edge, though very *hin, fcems howvcr, 
jn the opinion of Dr. Herfchcl, to be not flat, but 
convex. 

The ring in general looks brighter than the body 

of 
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of the planet itfelf ; and from its caftbg a ftrong 
Ihadow upon the planet, it has been naturally con* 
jcAured to be of a folid nature. The following di- 

menfions oF this double ring of Saturn were deter* 

» 

mined by Dr. Herfchel. 

MILES* 

Inner diameter of the fmalierTing . - - '46J45 

Outfide diameter of ditto - . - - 184393 

loner diameter of the larger ring » - 190248 

Outfide diameter of ditto - * - ^ 204883 

Breadth of the inner ring - - • - . 20000 

Breadth of the outer ring - - • - 7200 

Breadth of the vacant (pace, or dark zone 2839 

Both the planet and its ring turn round the fame 
commoh axis; but the ring feems to turn a little 
flower J viz, the ring rums in its own plane, in 10*, 
32", I5%4* The fliape of the ring is nearly circu- 
lar ; but, in confequence of its oblique fituation, 
which is always parallel to itfelf, it appears of an 
elliptical figure, and this ellipfe appears moft open 
when Saturn is 90** from the nodes of the ring upon 
the orbit of the planet, or when the longitude of 
Saturn is about 2% 17*5 and 8% 17^ ^^ In fuch a 
** (ituation the minor axis is very nearly equal to 
** half the major, when the obfervations are reduced 
- •* to the fun ; conftquently the plane of the ring 
*' makes an angle of about 30% with the orbit of ^ 
^ Saturn. Or, according to fome obfervations, the 
** inclination of the ring to the ecliptic is about 31% 

U 22V' ^ 
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Since the oblique poficion of Saturn's ring re« 
mains always parallel to itfelf ; or, which is the farne 
thing, (ince the axis of that ring> like the axis of the 
eartbi is always direded towards the fame point in 
the heavens j therefore twice in a fatumian year the 
ring n^uft be turned with its edge towards the earth, 
in which cafe it difappears for a ihort time ; unkfs 
it be viewed through a moft powerful telefcope (in- 
deed I may fay,'unlefs it be viewed tHirough Dr. 
Herfchers 40-fcet telefcope) 5 for through it the 
edge of the ring appears like a very flender ray of 
light paffing acrofs the difc of Saturn *. It is evi- 
dent that as Saturn moves and recedes from one of 
» » 

thofe limits in which the ring is turned edgewife to- 
• wards the fun, fo one fide or furface of the ring be- 
comes illumined by the fun at the fame time that 
the other furface is in the dark ; and when Saturn 
has paffed the other limit, then the latter furface of 
the ring becomes illumined, and the former is de- 
prived of light. 

The fatellites of Saturn have not as ytt proved fo 
ufeful to aftronomy or geography as thofe of Jupi* 
ter J principally becaufe they cannot be feen unlefs 
very powerful telefcopes be: ufcd. Five of thofe 



» " According to Dr. Mafkelyne, the plane of the ring 
♦* paffed through the earth on January 29,. 1790 ; the earth 
" paffittg from the northern, or dark, to the fouihprn or en- 
*^ lightened fide of the ring; the ring, therefore, then be- 
« came vifible, and will continue fo till 1803.'* 

fatellites 
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atellites were difcovered in the year i68'5, by Caf-. 
5ni and Huygens, who ufed telefcopes confifting 
>f two finnple lenfes, but upwards of loo feet in 
cngth ; and thofe were called ift, 2d, 3d, &c/ 
•cckoning from the planet. Two others were dif- 
:x)vered by Dr. >Herfchel in the years 1787 and 
1788, and tbefe arc fnnaller and nearer to the 
planet, on which account they ought to have been 
called the firft and fecond, at the fame tinne that 
the other five ought to haive been cafled 3d, 4tht 
5th, 6th, and 7th ; but, imagining that this might 
create fome confufion in the reading of old aftrono- ^ 
mical books^ the five old facellites have been fuf- 
fered to retain their numerical names, and the two. 
new fatellites are now called the 6th and the 7th; 
fo that the 7th is the neareft to the planet, then 
comes the 6th, then the ift^ and this is followed 
by the ad, 3d, 4th, and 5th. 

The inclinations of the orbits of the ill, 2d, 3d, 
and 4th fatellites, to the ecliptic,*are from 30** to 
31*. That of the 5th is from 17^ to i8*. Of alj 
the fatellites of the folar fyftem, none, except the 
5th of Saturn, has been obferved to have any fpots, 
from the motion of which the rotation of the fatellitc 
round its own axis might be determined. Then the 
5th fatellite of Saturn, as Dr. Herfchel has difcovered, 
turns round its own axis; and it is remarkable, 
that, like our moon, it revolves round its axis 
tudily in the fame time that it revolves round its 
. primary, 
, 'The 
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The following table ftates the par<ticulars whicli 
have been afcertained with refpeft to the iatellites ol 
Saturn. Speaking of the fatellites of Saturn, wc 
might have added, that they are retained in their or- 
bits by the attraction of their primary ; that they 
ad upon each other, that dieir periods and othei 
particcdars are found by the means of peculiar ob* 
Jervatlons, &c., but having faid enough with re- 
iped to diofe particulars in our account of Jupi< 
piter's fatellites, it will be fufficient in this place to 
fay, th^t all the remarks which have been made with 
refpeft to the fatellites of Jupiter, are alfd appli- 
cable, with few obvious alteradotis^ to the fatellites 
of Saturn* 
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The Gcorginm Sidus, with its fix fatcllites, ha\ 
been entirely difcovercd by Dr. Herfchel. The plam 
itfclf may beleen with almoft any telefcope> buti 
, fatellites cannot be perceived without the moft po^ 
' crfui inftruments, and the concurrence of all othi 
favourable circumftances. One of thofe fatellites D 
Herfchel found to revolve round its primary in 8 
17*". i". I9*> the period of another he found to be 13 
11^5". I %5. The apparent diftance of the form< 
from the planet is ^3''. j that of the fecond 44"^ 
Their orbits are nearly perpendicular to the plan 
of the ecliptic. 

The other four fatellites were difcovcred a confi 
derable time after, and of cogrfc Dr. Herfchel ha 
had lefs time to mak^ obfervations upon them. The] 
are altogether very minute objeftsj.fo that the fol- 
lowing particulars muft be confidered as being noi 
accurate but probable. " Admitting the diftance 
'" of the interior fatellite to be i^'^yS^ ^^^ periodi- 
" cal revolution will be 5**. ai^. 25"*. 

" If the intermediate fatellite be- placed at an 
'* equal diftance between the two old fatellites, 01 
" at 38^,57, its period will be 10*** 23**. 4*". The 
*^ neareft exterior (atellite is about double the dif- 
" tance of the fartheft old one j its periodical time 
« will therefore be about 38^ i\ 49"*. The moft 
" diftant fatellite is full four times as far from the 
*^ planet as the old fecond fatellite; it will therefore 
" take at lead 107**. 16^. 40°. to complete one re- 
«V volution. All thefe fatellites perform their revo- 
*^ lutions in thtir orbits contrary to the order of the 
** fignsi that is, their real motion is retrograde'! 
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CHAP. IX. 



OF COMETS. 



SOME Other celcftial bodies feem likewifc 
to revolve about the fun j but they differ 
t-otn the nine planets that have been already de- 
fcribcd, principally in the following particulars : 
I . The curves which they dcfcribe round the fun 
IS a focus, if they dc( return into themfelves, as is 
mod probable, are ellipfes fo very eccentric, that 
injof thofe bodies is only vifible to us whilft it 
percurs that part of its orbit which is in the vicinity 
af the fun ; but during the much greater part of its 
courfe, it is quite invifible to us. 2. Their periodi- 
cal times arQ fo very long, and difficult to be afcer- 
tained, that it hardly falls to the lot of one man to 
fte the fame body return twice to the ntighbour- 
hood of the fun; and even then it would be diffi- 
-•'It to identify it. 3. Their fliapes are neither well 
defined nor conftant i but moft of thofe bodies are 
iitrounded by an indefinite faint light, a tail^ a hairy 
eradiation, or coma j from which they have been dcr 
dominated ccmeU» They are likewife .vvilga.rly called 
dazing Jiars. 
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We are utterly ignorant of the number and of tife 
ufe of comets in the fabric of the world. 

The number of comets that have been feen and 
iare recorded, is very great*. But a vaft number 
mud have efcaped notice 5 for there are fevcral 
cornet^ fo very fmall as to be vifible only through 
telefcopes> and fuch have /requendy been feen of 
late years, when particular attention has been p^ 
to the fubjedt. 

With refpefl: to the nature and the uie of cometSi 
various opinions have been entertained by different 
great and learned philofophers \ but as nothing very 
probable has been advanced, I ihall refer thofe who 
wi0i to examine fuch opinions to the works of other 
authors t# 

The apparent motion of comets, like that of all 
other celeftial bodies, is from the eaft, towards the 
weft, which arifes from the diurnal rotation of the 
earth in the contrary direction. But comets have a 
proper and peculiar motion, e^ch different from 
the others, and this motion is determined by tracing 
the fituation of a comet with refpedt to the fixed 
ftars. 

* Riccioli reckons 154, until the year 1651. But Lu- 
bienietz reckons 415 until the year 1665, 

t Pliny, lib. 11. chap. 25. Kx\^, Mtte(ir.\\\i,(>. Plutarc 
ie plac. Phil, Aulus Gellius. Seneca, lib. VII. Riccioli, 
Jim. II. 3$. De la Lande's Aftronomy, book XIX. Wcw- 
ton's Prindpia^ book III. Vii^ce's AftronoBiy* • Gr^ory's 
Aftronomy, chap, XXL 

Some 
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Some comets perform their proper movements 
from the weft towards the eaft, which \% the direc- 

a 

tion followed bjr all the planets. But others move 
in the contrary direftion, viz. from the eaft to- 
wards the weft. Some of theni move in the plane 
of the ecliptic, or within the zodiac j whilft others 
go in xlifFerent dire6lians> even perpendicular to the 
plane of the ecliptic. ^ 

Upon the whole, it appears that every comet 
moves in a particular curve which hsts the Ain in its 
focus ; that it moves fo as to dcfcribe round the 
fun areas proportionate to the times ; and that the 
curve appears to be an exceedingly excentric ellipfis ; 
\rfiieh - clearly indicates that the comiets are retained 
within certain limits by the fame general law of na-, 
ture, the univcrfal gravitation of matter \ that they 
muft be actuated by an impulfive force, which pre- 
vents their falling towards the common centre of at- 
traftiorii and that therefore they move in orbits like 
the planetary orbits, only much more tecentric; 
Yet it muft be confidered, that fince we fee a comet 
only during a very fmall part of its periodical coiirfe, 
from whicK fmall part we muft calculate and deter- 
mine the whole orbit and the periodical time, every 
fmall error committed in the obfer vations ' of that 
fmall part, produces a confiderable difference in the 
refiilt of the whole; nor can the quantity of that 
trfbr be eajily verified and correSed by future ob- 
iervations; firft,*becaufe the period or the return 
of a conact is v^ry long ; and fecondly, bccaufe the 

VOL. IV. o comet 
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caaiec itlelf cannot be,, identified Indeed^ the only 
reaUbn aftranomers have for faying that a ceitain 
comet has returned two or three or aiwe dmrs, iS| 
that when the period of a cooiet has been detcN 
mined from the obiervation of that finall portion of 
its orbit, which comes within the reach of obfervir 
tion ; if after the lapfe of that period a comet a{>* 
pears about the fame part of the heavens, they con- 
clude that it probably is the fame comet. Not 
above Qx or feven comets, amongft all thofe whidi 
have been (een, have as yet been calculated with 

' accuracy fufiicient to render their period tolerably 
well known, which ihews that the fut^c& is ftill in 
its infancy, and a vaft number of farther obferva- 
tions is ftill wanted for die purpofe of generalizing 
and correfting the theory. But the opportunities 
for making fuch obfervations fddom occur ; there- 
fore the progrefs of knowledge, relative to comets 
has been but flow. The wifeft ancient phitafoiAcrs 
confidered the comets as periodical celeftial bodies. 
Sir Ifaac Newton concluded, that they might de- 

/ fcribe very excentric eHipfcs, and might re-appear 
at every revolution. Dr. Halley verified this grand 
idea, by ad^ual calculations upon the obfervations of 
fevcral comets. It is fuppofed that it was the fame 
comet which appeared in the years 1456, i53i>/ 
1607, 1682, and 1759 5 ^^ ^^^ ^^^^ comet's period 
is about 75 yiears. Another comet, which was flftti 
in the year 1532, is fuppofed to be the feme that 
was feen in the year 1661, and was expeftcd aboue 

the 
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the year 1789 or 1790 ; hut did not appear. Ac- 
cording to Hallcy, the great comet of the year 1680 ' 
is to re-appear in the year 2254 j and is fuppofed to 
be the fame that appeared at the time of C^far, and 
that appeared alfo in 219 and 2349 before our Sa-- 
viour's birth*. 

Even fuppofing that the period of a comet could 
be calculated with fufficient accuracy ; yet, confidcr- 
ing the various caufes which nfrvft difturb the regular 
motion of that comet, we may eafily imagine that 
Ae return of that comet may thereby be Ihortened 
or lengthened, or diverted, to. fuch a degree as to 
give it the appearance of a different comet. In con- 
ieqiience of the excentricity of their orbits, the 
comets muft in their courfes crofs each other, and ' 
likewife crofs the planetary orbits ; hence they may 
come fo very near one another, or fo very near any 
of the planets, as to difturb their motion, and even 
fo as to ftrike againft and deftrpy any of them. In- 
deed, from fuch an aftion, it is not improbable that 
the path of a comet may be changed into a parabola* 

^'^— ^"'^~" '■■■ ■ Mil. Ill .1.1 I — — — — »^ ^ 

/ 

• SevcFal of thofe who wifh to account for the delug? 
upon the agency of natural caufes, attribute that great con-^ 
vulfion to the near approach of that comet to the earth ; for 
if the attradiion of the moon alone is capable to raife confix 
den^le tides, the near approach of a body ib mucb larger 
than the moon, mufl adl with vaftly greater force. See 
Whifton's New Theory of the Earth i and D^ la Lande'« 
ReJUxionifur h Comtf^ Paris 1773. 

« ^ Of 
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or fomc other curve, and thus the comet may never 
return again. As for the meth6ds of computation of 
the orbits of comets^, I muft refer the ingenious rea- 
der to other works * ; but I fhall only mention in 
this place, that the paths of comets have often been 
faid to be parabolicali and have been calculated upon 
that principle, not becaufe they are really fo 5 for if 
they were parabolical, they could not return into 
themfclves ; hence the comets would continue for 
ever to recede from the fun j but becaufe the pro- 
perties of a parabolical ,curve are calculated with 
much greater eafe and expedition than thofe of an 
elliptical curve ; and at the fame time the nature of 
a parabola is lb very near the nature of' a vaftly ec- 
centric cllipfis, that the refult of the calculation upon, 
either of them is nearly the fame. 

The times during whicli comets remain in fight 
are various, but they hardly ever exceed fix months, 
and fome comets have not been fcen for more 
than a few nights. Of thofe which l\ive remained 



* See the. Third Book of , Newton* s Pnncipia» Dela 

Landc's Affronomy, B. XIX. Vince's Aftronomy. Clai- 

raut's Theor. du Movem. des Cometh, D'Alcmbert's Opufc. 

^Mathem. torn. II. Gregory's, A ftron. chap. XXl. which 

is a concife and fati^ifa^lory Differtation on Comets : alfa 

BoJe*s Papers on the Orbits of Planets and Comets, in the 

Alcmoirs of the Berlin Academy, from 1786 to J787; 

and Sir Henry Englefield's Work on the Orbits of 

Comets. 
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in fight for fix months together, one is faid to have 
appeared in the year 64, atthetinne of Nero j ano-. 
ther appeared about the year Sq^^ at the time of 
Mahomet; a third comet 'of that continuance was 
feen in 1240, at the time of the irruption of Tamer- 
lane ; a fourth appeared in 1729, which remained . 
in fight from July the 31ft, 1729, to the 21ft of 
January, 1730. Cofnets that have appeared for 
Ihorter periods are recorded by feveral writers and 
particularly by Riccioli. 

The proper movements of comets are alfo dif- 
ferent from each other, and very variable with re- 
fpcdk to the fame comet. From the nature of 
planetary orbits in general, it is eafy to conceive that 
as the comets defceiid towards the fun, fo they muft ^ 
quicken their pace, until they reach the periheliori, 
after which limit, they flackeri thiir pace, and con- 
tinue to do fo in proportion as they recede from the 
vicinity of the fun. When they are going off, aind 
nearly vaniftiing, they fometimes move fo very 
flowly as to be hardly difcernable amdhgft the ftars. 
But fome comets have been obferved to move with 
incredible quicknefs. The comet which appeared 
in 1472, paffed through i20* in one day. The 
comet of 1760, altered its longitude by 4tf* in' 
one day. The cdmet of 1664, moved 164** in 
17 days, &c. 

Were the comets near the earth, the above- 
naenjioncd quick movements would not excite any 
wonder J but* when we confider their prodig^dcSI' 

.^3 
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diftances^ which in general far exceed the ^iftance% 
of the moft remote planets, we cannot but be afto- 
niftied at the wonderful velocity with which they 
miifl: move. Another Iburce of inequality in the 
apparent motion of comets, arifes from the (notion 
of the earth, the effedf qf which muft vary accord-* 
iqg to the diredbion both of the earth . and of the 
comet. 
' That the comets are at moft aftoniifaing diftancei 

. from us, is derived frorn^ their having little or no 
parallax i viz. when they are viewed from different 
parts of the furface of the earth, and are referred tQ 

' the fix^d ftars, xhey appear to ftand at the very 
fame pomt of the heavens, or nearly f6 ; which 
would not be obferved if they were even within 
double the diflance of the Georgian planet. I fliall 

, i:ender this more intelligible by means of a c&gram 
or two* 

Let ABG, fig. 7, Plate XXVIII. be th.e earth, 
and D a comet* Then, if the comet D be fcea 
Yrom the centre T of the earth,, or in that direc- 
tion, viz. from Oj the place, of that qomet re- 
ferred to the fixed ftaifs, will appear at 'G if but 
when .fcen from the furface of the' earth or place A, 

. the fame comet iwill appear at E. The former is 
called the (Offfet's true place, and the latter its appa- 
renf place. Now the diftance GE bet>y€en ihp tmo 
ajtid the apparent places, is called the parallax of that 
comet. , By infpe&ing the figure, it will be eafily 
comprehended, thai the farther (he comet J) 12^ from 

the 
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the eardi^ the fmaller will the diftance GE be^ atid 
vice *0€rfa y therefore, when that diftante or parallax 
is littk or nothing, tb^ diftance of the comet is 
prodigioufly great ; not can we affign the quantity 
of it. The nature of pal^axes will be better ex- 
plained hereafter. 

The precife place of a comet at any particular 
time of its appearance, may be determined by mea- 
furing its diilance from any two contiguous fixed 
ftars ; and that place may be marked upon a pla- 
nifphere or globe : thus its different fituations in 
difFerent times during its appearance, may be mark- 
ed down, and a line drawn througji thofe points wiU 
reprefent the track of the comet. The aboVe- 
mentioned diftances muft be taken by means of a 
quadrant, or a micronieter ; but. even without any 
fuch inflruments, and merely by the ufc of a thread, 
' we may find out whether a comet have, any pa- 
rallax, as alfo afcertain its place. A comet, when 
juft going out of fight, moves- fo flowly as not 
to change its place fenfibly in a few hours time. In 
this cafe therefore let the fituation of the comet be " 
oblerved twice during the fame night, viz. once 
when it flands very high above the horizon, and 
another time when it Hands near the horizon, which 
amounts to the fame thing as to obferve it from two 
differeht places at the fame time^ Then if the comet - 
on both obfervations appears to retain the fame 
fituation widi refpeft to the flars, we may conclude 
th^t it has ho^ fenfiblc i)arallax. The fimple way of 

04 finding 
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finding the fitwation of the comck for this purpof^ 
is to hold a thread with your two hands, and ex- 
tending it between you and the cornet, to nAove it by ■ 
trial until it covers two contiguous ftars, at the fame ' 
time that it pafles thrbugh the comet ; which fliews 
that the comet is in the direftion of the two ftars, 
&c. If the place of the comet be required more . 
accurately for the purpofe of delineating its track, , 
you nmift obferve once every night, or oftener, by 
means of a thread, the fituation of the comet, with 
refpedt to four ftars, fuch as are contiguous to it, 
and are marked upon a celeftial globe or plabi- 
Iphere ;/ for by this means you may every time 
make a d6t at the precife place upon ^he globe, and 
afterwards, by joining thofe points with a line, you 
Will have the track of the comet. Thus let the 
comet be at A, fig, 8, Plate XXVIII. between the 
four ftars, B, C, D, E ; To that the line joining the 
ftars B, D, may pafs through the coiriet j and 
fo may alfo be fhc cafe with the line which joins the 
ftars C and E. Then if you extend a thread, or 
place the edge of a piece of paper through the ftars 
C and E, upon a globe or pknifphere, where fuch 
ftars are marked, and extend another thread through 
the ftars B and E ; the ihterfedlion of the two 
threads' will point out the place A of the comet 
upon the globe, or planifphere, where a mark 
may be made, &c. 

Nothing certain can be faid with relpeft to the 

diftanccs 
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idiminudon iii paffing through itj as is remark- 
ed by Newton in his Princifia^ Kb. IIL prop^ 

41." 
The fpkndour of comets increafes in proportion 

IS they approach the fun^ though at the fannie tinie 

their diameters* in confequence of their receding 

from the earthy may appear to dimmifti. 

Thj? fizes of the bodies of cometSj as well as of 
difir tails^ i3 fo various, as that fbme of thcnn 
cwinot be feen without a telefcope, whilft others 
Kave even equalled the difc of the fun; and fuch 
was that which Seneca relates to have appeared 
at the time of the emperor Nero. The comet 
which Hcvelius obferved ii^ the year 1652, feemed 
to equal the apparent fize of the moon, but it 
bad a pale, dim, and difmal afpe£t. Several 
comets have been fecUy whofc apparent fize ex- 
ceeded more than four times the difc of Jupiter 
ojr of Venus. 

The tails of comets are, in gefteral, more ex- * 
panded and kfs denfe, in proportion as they re- 
cede from the bodks qf the comets. The comet 
of die ye^r 17441 had the luminous elongation^ 
ibcnewhat like a fan, divided into various branches. 
The cx$€nfion of the tails of comets is fome- - 
Onmes aftoniihingly great. They have often been 
obferved Y> extend tnore than 90"*, or even half a 
circle i^ ' whence it ha$ been calculated that their 
ifeal kog(hs muft exceed ^ or. 80 millions of 

mile$» 



.• 



I«1 



204 Of Comets. 

miles. It is remarkable that the^ tail of the fame 
comet, obferved at the fame time, appears of dif- 
ferent lengths from different parts of the eartlfs 
furfate, and it appears longeft from thofe places 
which have a lower latitude, which probably arifes 
frorp the fuperior clearnefs and ferenity of the Iky 
in thofe places. • ' 

Whether the, tails of comets be a train of pure 
light or of vapours, or of fomething eledtrical, 
iimilar to the durora borealiSi is impoflible to be 
decided; but it appears that both the increafcof 
iplendour of a comet, and the appearance of a tail, 
are derived from the fun. 

** The great comet which appeared in the 
year 1680, after its departure from the peri^ 
helion^ projefted fuch a tail as extended itfelf 
more than 40"* in the heavens; nor can this 
be a wonder ; for it was fo near the fun, that 
its diftance from his furface at the perihelion 
was but a fixth part of the diameter of the 
fun's body ; and therefore the fun feen from 
the body of the. comet, would appear to fill 
the greateft part of the heavens, and its appa- 
rent diameter would not be lefs than 120*; 
and therefore the heat it received from thence 
muft be prodigioufly intenfe beyond imagina- 
tion; for it exceeded above 3000 times the 
heat of red-hot iron. And therefore we muft 
^ allow, that the bodies of comets, which can 

<^ bear 
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^* bear fo great a heat, muft be very denfe, hard, 

" and durable bodies ; for if they were nothing 

** but vapours and exhalations, raifcd from the 

* " earth and planets, as fome have dreamt, this 

" comet, at fo near an approach to the fun, muft 

1. " have been quite deftroyed and diffipated.'*— 

\ Keill's Introdutftion to Aftronomy, Left. XVII. 
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CHAP. X. 



OF TH£ FIXID STAtS. 



BESIDES the planets both primary and fe-^ 
condary, and the comets which arc fcen at urt- 
certain times, all the other lucid and brilliant ob* 
jedls, which, during the abfence of the fun, wc 
perceive in the heavens, are tht fixed Jiars, fo calkd 
from their preferving, as far as we know, their 
fituations with refpeft to each other, wicho^tany 
deviation. 

The fixed (tars appear to our eyes of different 
fizes J but it is not, in our power to fay, whether 
that difference arifes from ^heir real difference of 
fize, or from their being at different diflances, or 
from both thofe caufes conjointly. The gradation 
of apparent fize from the largeft to the fmallcft 
ftars, is great and indefinite 5 yet for the.ufe ofde- 
fcription and difcrimination, aftronomers diftinguifh 
tliem into fix, or more, orders, which naturally arc 
of a vague and indefinite nature j calling the largeft 
o^xhtmjiars of tbefirft magnitude ; the ncxty fiarscf 
the fecofid magnitude i and fo forth. The ftars of the 
fixth magnitude are thofe which can barely be dif- 

tinguifhjrf 
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iguiflied by the naked eyp. Thofc which can only 
e fccn by the help of t|ie telefcope, arc called //- 
fcopkftars. 

Several of the brighteft and itioft rerharkablc 
ars are diftinguifhed by peci^iar names ; but ' the 
ifficulty of difcriminating the particular iituations 
f them all, eveif of thqfe that have peculiar names^ 
J^efted an expedient which has been adopted 
tim the remoteft antiquity, and has been followed 
nd improved in fubfequent periods. By this me- 
hod the ftars are fuppofcd to be, as they appear, in 
le concave furface of a fphere, upon which the 
gures of men, beails, and other objeds, ^re fup« 
ofed to be delineated i then the fituation of each 
^ is defcribed by faying, that it is near the tail of 
certain fifli, in the bull's eye, juft over the Ihoulder 
f Hercules, &c. 

The ideal delineations of thofe figures of animals, 
nd other objeAs, which are called confteUationSy or 
fierifms, are difperfed all over the heavens, and a 
articular iituation is afTigned to each, as may be 
%o upon a common celeftial globe, or. upon a 
lanifphere ; yet fonrte fpaces remained here and 
icre, which were out of the bounds of the cpnti- 
uous conftellations. The ftars which were con- 
lined in thofc places, were called unformed fiars i 
ut moft of them are now comprehended into con* 
ellations newly adopted. 

It is impoffible to fay what fuggefted the idea of 
Opting. each pardcular conftelUKion $ but as far as 

can 
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can be conjefturcd from the dark docuinients of 
hiftory, of tradition, and of fable, they fcem to 
have been derived from different caufes, fuch as 
from the rainy fcafon, which ufually came on when 
a certain airernblage of ftars appeared above jthe 
horizon ; from the refemblance, however imper- 
feft, of certain grdups of ftars to particular objcdb; 
from the dcfire of recording Ibme remarkable 
event, or of paying homage* to fome diftinguiflied 
perfon, &c. 

Thus, by mentioning the particular conftellation * 
to. which each belongs; the ftars may be pretty 
nearly, though by no means accurately, defcribcdj 
and this probably was the only mode of dcfcribing 
the lituations of the ftars during feveral centuries j 
but at the revival of learning and fcience, when 
particular attcnrion began to be paid to aftronomV) 
the above-mentioned indeterminate mode was gra- 
dually improved by the particular defcription of the 
ftars' apparent magnitude, by annexing a Greek 
fetter, or a Roman letter, or a number, to each ftar, 
and by forming catalogues of their right afcenfions 
and declinations-^ by which means each particular 
ftar may be readily and accurately known *. 

The 



• The moft accurate method of defcribing die brightneis 

or magnitudes of the ftars, is undoubtedly that which Dn 

Herfcliel has adopted in his excellent catalc^es of the 

comparative brightneis of the fixed ftars, the firft of which 

catalogues 
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Tke fdlowing lift contains the narb£s of the con^ 
ftellatiohs, the ndmber of flars, as fai; as thofe of the 
fixth magnitUdei that aft contained in each con« 
ftellation, as alfo the names and magnitudes of 
thofe more remarkable ftai^ of the annexed con- 
ftellationsy to which particular names have been 
givert. 



calsdogues is publiflied in tbe Philofophical Trdnfadliojos for 
1 796. The others in the following volumes. 

This method is to refer a given ftar to two other fiars, 
one of which is fomewhat brighter, ^d the other fomewhat 
lefs bright than the giveh die. ^ I place, (be fays) each 
^ ftar^inftead of giving its magnitude, into a (hort feries^ 
^ conftru£ted upon the order of brightnefs of the nearefl: 
*« proper ftafs, Fot inftance, to exprefs the liiftre of 
« D, 1 lay CDE. By this fliort notatfon, inftead of re- 
^ ferring the ftar D to an imaginary Uncertain ftandard, I 
^ refer it to a precife and determinate exifting one. C is 
^ a ftar that has ^ greater luftfe than D $ and E is another 
^ *oif lefs brightnefs than D. Both C and £ are neighbour- 
^ ing ftars, chofen in fuch a manner that I may fee then\at 
<' the fame time with D, and therefore may be able to 
^ compare them properly. The luftre of C is in the fame 
^ manner afcertained by BCD; that of B by ABC; and 
« alfo the brightnefs of E by DEF 5 and tljat of F by 
^ EFG/' 
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Aries - - - 


66 
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140 


Aldebaran - - • - 1 


Gemini - - 
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Spica Virginis - 1 
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Zubentfcb Mali • , s 
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Urfa minor - 


24 


Stella poloris - - 3 


Urfa major - 
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55 




Pcrfeus - - 


59 
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Cbnfteilations on the 'North Side of the Zodiad 
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Magnitudes. 
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Almaac 
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CdnileUadont on tht Soatk fide of the 



Names of 
ConilelUtipoi. 



Nura^ 

of 

Stan. 



Phcenix .- - - 
Officina fculptoria 
Eridanus - - - 
Hydrus r - - 
Cetus- - - - 
Fornax Chemica - 
Horologium - * 
Reciculus Rhom- 

boidalis - - 
Xiphias - - - 
Celapraxitellis - 
Lepus - - - - 
Columba Noachi - 
Orion- - - - 
Argo Navis - - 
Canis major - - 
Equulcus ,Pifto- 

rius - * - 
Monoccros - - 
Canis minor - - 
Chameleon - - 
Pixis Nautica^- - 
Pifcis Volans - - 
Hydra - - - - 
Sextans - - - 
Robur Carolinum 
Machina Pneuma- 

tica - - - - 
Crater - - -' - 
Corvus - - - 
Croficrs - - - 
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1 Auftralis - 
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Fomalhaut - - i 



e whole number of flars^ as reckoned in the 
Ung liftsj amounts to 3186. But the naked 
n feldom diftinguifli a third part of t^at num- 
in more favourable climates Ibme perfons 
an diftinguifli more ftars^ in certain conftella- 
than thofe which have been ftated in the lifts, 
ot attempt to add how many ftars of one mag-« 
) or of another are to be found in each con- 
ioni as this cannot be determined with pre-* 
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Befide^ the Separate . Aftrs,- a Aarp^cye in -a dear 
night nia/6bferV€ a fe^ whitifli fpot^ calfcrf nebuU\ 
but a tnoft remarkable broad and much extended 
wbitUU xcic\i may be obferved at all tiincs in tlfc 
• heavens. This is called, from its whitcnfefij lie 
galaxy i ^ia laSlea, or milky W4^. Thi^ fefmrkalnb 
zone is irregularly extended, and varies in breadcb 
from 4* to 2o°. It pafles through Caffiopcia, Ptt^ 
feus, Auriga, the foot of Genrftni, Orion's Club, pift 
of Monoceros, the tail of Canis majpr, throxigh 
Argo Navis, Robur Carolinum, Crux, and the fcrt 
of the Centaur : beyond which it divides irito two 
. parts J its eaftern branch pafles through Ara, the 
tail of Scorpio, the eaftern foot of Serpentarius, die 
bow of Sagittarius, Scutum Sobiefcianum, the feet 
of Antinous and Cygnus. Its weftern branch pafles 
through the upper part of the tail ofScorpio, the 
right of Serpentarius apd Cygnus, and ends in 
Cafliopeia. 

Such are the objeds which may be difcerned by 
the naked eye in the region of the fixed ftars; but, 
by the afilftance of the telefcope, the number, the 
beauty, and the variety of wonderful objedls is in- , 
creafed to an aftonilhing degree ; and much more 
fo in proportion to the power of the telefcope. An 
immcnfe quantity of new ftars is dlfcovered. Several 
ftars, which appear as fingle ftars to the naked eye, 
and even through ordinary telefcopes, when viewed 
with higher jx)wers, appear to be double, or treblC) 
or quadruple, &c. viz. are found to be two or three, 

or 
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Or more flarsy (o near to one another as to appear^ 
through ordinary tddcopes, as a fingle fiar *« They 
are aUb moftly found to have peculiar colours^ or 
tiMts, ib diac pne ftar will be of a greenifli tiot^ 
another of a reddiflij or blui(h» &c. f. -The nuno* 
bers of nebuls that can be difcovered by the aflif- 
Imce of a poweiful tdefcope, amounts to fome 
thoufimds f. The loaladea, and ievcnd of the ne- 
bube, are found ^o confift of an aftoniihing number 
fif apparently fmall ftars, fituated very dofe to each 
other; fo raiKh foy that in a fmall part (as of about 
one degree in diameter) of foque of thofe nebuke^ 
or of the via Jadea, there appears to be a greater 
number of liars than can be feen by the naked eye ii| 
the whole celeftial iphere. 

. It is remarkable that though the ftars appear 
vaftly to difier from one another in apparent gran<» 
deur> i^ they certainly do in point of brilliancy ; yet 
their apparent diameter cannot be meafurcd; for they 
always look like incommenfurable pojnts ; and if 
when viewed through certain tclefcopes^ they feem to 
have a fcnfible diameter ; that effc£t arifes froixj 
^muc imperfflftion of the tclefcope, fince it mcreafcs . 



• a HercuHs; J Lyr« ; « Geminorunj ; y Androme- 
^ 9 /« Cygtii ; aiid a great many more, are double ftars \ 
V Tyrac, is treble ; a Orionis, is quadruple, &c. &€• 

4 SecTHerfchers caulogues of double ftars and nebula 
\si (be PhBofophical Tranfaaions. 

p 4 wd 
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gnd dccreafes m proportion as the tekfbope is more 
or lefs perfefbj and according jto its adjuftment 

This obfervationj together with their total dcfr 
ciency of parallax, (hews the moft incomprehenfibk 
diftance at which even the neareft of the fixed fian 
fnuft be fituated. 

That the ftars fliine not by refle6bed or borrowed 
lights like the planets $ but by being felf luminoiB, 
like the fun, nnay be eafily and (atisfiiftorily con- 
cluded from the following confideradon. The ^ 
parent (ize of the ftars is certainly fmaller than that 
of the fatellites of Jupiter or of Saturn; their dit 
tances from us are likewife incomparably greater than 
thofe of the fatellites ^ but thofe fateUitcs cannot be 
feen by the naked eye, and fbme of thopci even r6 
quire moft powerful teleicopes i ther-eforcj ^ the 
ftars ihone by reflecting the Tight of the fiinj as die 
fatellites dp, they ought to be fnuch lefs vifibie than 
the fatellites j which is not the cafe. We may thcrc-^ 
fore fafely conclude, that the fixed ftars are felf lu* 
minous like the fun. They probably arc oi the feme 
nature, and equally large, if not larger. And fince 
fuch Impfienfe bodies, fo far removed from us as to 
be nioftly out of our fight, could not be intended 
for our ufc, nor to interfere with the folar fyftem \ if 
is oioft likely that they are thp funsj^ or the centres^ 
of as many fyftems, and that a number of planets and 
i:omets }s rcyolvipg round ^ach ftar, from whjch 
they ^eriye the yivifyipg influence of heat and light, 

"• ^ We 
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(Ve may advance our conj^6bure a ftep farther^ aiid 
Tuppofe that poffiUy fbme of the comets of each 
^Fftem, which move in very excentric orbits^ may, 
b thrir aphelia^ come within the attraftive power of 
fane other ftar or fun, fo as to pafs from one fyftem 
to another ; and thus form a fort of communication 
between the different fyftems ; but as there is no 
cod to oenjedure, kt us retyrn to matter of fa£t. 

Though the (tars are called Hxed, as tfiey are in 
coiDparifoo to other celeftial bodies j yet they muft 
aot be confidered as perfeftly immoveable anc) un- 
^geable. Indeed the litdc n^ovemencsi to which 
they have been obferved to be fubjeft, mud not be 
conGdered as their proper movements ; for they 
ait to be accounted for upon the motion of the 
earth, the modon of light, &c. as will be (hewn in 
Ae fequel ; but independent of motion from their 
lefpedive ficuations, feveral changes have unquef- 
tionably been obferved amongft the ftars, and pro- 
hably a great many more will hereafter be obferved i 
for the accurate catalogues of the fi;ses, appearances, 
and fituations of the ftars which have been lately 
^ade, and the powerful inftruments that are now in 
^fc > will enable the aftronomers to difcover the niofl: 
minute variations of fi^e, of briniancy> and of fitua- 
rion. 

Two ftars of the fecond magnitude, which were 
6>nnerly vifible in the ftern of the conftellatioh ylrgo 
ff^is, arc now no longer to be fcen. At the time 

of 
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of che emperor Ocbo^ a new ftar appeared in Caffio- 
peia, which difappeared fome time after. In thfi 
year 1600, Kepler obferred a new ftar in tbcfinui's 
breafty which remained vifible during firrefal years; 
but it became invifibte from the year ti66o tiB die 
year 1 666, when it was again obfervcd in the very 
lame place by Herelius, as a ftar of the fiicth nng« 
nitucte. A ftar in the neck of the whale :has^ the re- 
imrkable property of appearing and drf^^ieariiig 
alternately. Other ftars appear to have their (ize^ 
brilliancy increafe and decreafe periodically* A ftar 
of thb ibrt is in Uydra^ another in Cygfuu^ and'i 
flioft remarkable one, called yf^al^ is in Medtififs 
head. This Algol feems to have a period o£ 2 
days and 21 hours, during which it varies fi-om the 
fize of the iecond magnitude to that of the &urcb in 
^^ut 3I hours, then returns to the former fiae in 
the fame time, and retains that fize for the reft 
of the above-mentioned period. Such periodical 
changes in the brightnefs of ftars, may prot^ably be 
owing to their performing periodical rotations round 
their axes, and to their having fpots on fbme part 
of their furfaces ; fo that when that part happens to 
be turF>ed towards us, ^the ftar muft appear lefs 
bright than ac other tinies. After the fame manner 
the entire difeppearance and reappearance of ccrtait^ 
ftars may perhaps be accounted for. 

If the reader wiih to learn the fituaticui of th0 
conftellations, and the names of the moft remarl;^ 

abl? 
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able ftars> or to find the pa^icukr ficgations of 
c0tain ftars, we muft refer him to the catalogues^ 
«nd to the celeftial athfles of Flamfteed^ Bode, and 
0tb«r8, A competent knowledge of chc fame may, 
however, be obtained by means of a. common cc^ 
leftial globe> which being duly fituated and redified 
for fhe particular time of making the obfervacion^ 
Will indicate the fituation of the ftars with fuSicient 
accuracy; fo that the learner, having fituated the 
globe (according to the precepts which will be 
given hereafter) in an open place and a ferenc 
night, when the moon does not (hine, j^y looking 
at any particular conftellation or ftar on the upper 
part of the globe, and imagining th^ a ftraight line, 
drawn from the centre of the globe, and through the 
given ftar or conftellation on the furface of the 
globe, be extended as far as the heavens, he will 
readily find the real ftar or aflemblage of ftars in 
that identical fpot, which is pointed out by the im- 
aginary line*. 

In this part of the world the moft confpicuous 
conftellations, and therefore the bcft for a learner to 
begin with, arc the Gieat Bear and Orion ; and from 
thedireftion of the principal ftars of thofe conftel- 



• The beft globes, both celeftial and terrcftrial, with the 

lateft engraved and mofV correal plates, as far as I know, are 

at prefentmade by J. Gary, philofophical inftrument maker, , 

in the Strand, London* 

latio 
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lations^ he vciaJj by referring to the globe, leant 
the contiguous ftars, then thofe which are fiuther 
off, and fo forth. The Great Bear is undoubtedly 
the moil: ufeful, becaufe for this p^rt of the earth 
it never fees. Orion is vifible in, the winter titoe to- 
wards the fouth, and the arrangement of its ftars is 
fo remarkable, that once known, it is not afterwards 
eaBIy forgotten. 
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CHAP. XI. 



UP PARALLAX^ RBFRACTION^ THE ABERRATION 
OF LIGHT^ i^ND NUTATION. 



WHEN a body, fituated between us and the 
region of the fixedi ftars, is obferved, and 
its place is referred to the ftars, it is evident that it 
muft appear to be nearer to one flar or to another^ 
at thp fame time, according as it is viewed from one 
part of the earth's furface or from another. , Thus 
an obferver on the furface of the earth at A, fig. lo, 
Plate XXVIII. will imagine that the celcftial body 
H, coincides with the ftar O; at the, fame time 
that an obferver on the furface of the earth at B, will 
obferve the fame body H, to coincide with the ftar ' 
N. Here it muft be obfcrved, that the Ipedtator B 
is in the right line which joins the centre of the 
earth, and the celeftial body H ; therefore he fees 
that body perpendicularly 6ver his head, and in the 
fame manner (viz. ^ainft the fame ftar)> as if Jie 
iaw it from the centred of the earth -, whereas this is 
not the cafe with the fpedator at Aj or with a fpec- 
tator fituated any where elfe upon the fur&oe of the 
earth« Now the difference between the true place 

/ of 
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of a celcftial body (meaning the place which it fc 
to have when viewed in tlic difcftion of the cent 
of the earth*), and the place which it fcems to 
have in the celeftial fphcre * when viewed ffonri any 
other part of the furface of the earth, is called by 
the aflronomers the parallax of that body. Other- 
wile, in general terms, the parallax df an objeft is 
the difference between the places, that object is re- 
ferred to in the celcftial fphere, when feen at the 
fame time from two different places within that 
fphere; or it is the angle under whkh anj" two places 
in the inferior orbits are feen from a fuperior planet, 
or even from the fixed ftars. ^ 

In the abovementioned figure, N is the true place 
of the body H; O is its apparent place ; ancf the arc 
ON is its parallax. It is evident that the nearer 
the body H comes to the vertical line CZ, the 
fmaller its parallax becomes; for when the body is 
in that vertical line as at b^ the two lines, viz. that 
which paffes through A, and the body b, as alfo that 
which paffes through C, and the fame body b, coin- 
cide 5 and of courfe, when the body is in the vertical 



• The fituations45f celcftial obje£ts are calculated always 
with refped to the centre of the earth, and in all the pre- 
cepts that aVe given for the folution of aftronomical pro- 
blems, the diftances and fituations of celeftial objefts arc 
always reckoned from their centres ; hence the place which 
a celeftial objcS feems to havt when viewed from the centre 
of the earth is called. its true place* 

4 ^ line, 
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pie, or in the zenith $ it cannot have any paraflax. 
Pn the contrary, when the body is at I, v;z. in the! 
Tiorizon of the fpeftator A, then it has the greatcft 
j^raUax on\ becaufe the place of obfervation A, 
6n the fur$ce of tha earth, is then the fartheft pof* 
fible from the other place of ob!cn[ation b^ which is 
in the dlrcftion of the centre C. 

It is alio evident that, caleris paribus^ l;he farther 
a celeftial body is from the earth, the fmaller its 
|iaraIUx muft be ; thus the body P, which is farther 
from the earth AB^, than the body H, has its pa- 
rallax N^, evidently fmaller than the parallax O N, 
of the body H. v 

With refpeft to the meafure of the above-mcit- 
tiofitd parallax, it muft be obferved that the pa- 
rallftx N O of the body H, is the difference of the 
ingles ZCH and Z AH; that is, of the angles ZGN 
and ZAO; which differencTe is equal to the angfe 
AHC, or N HO ; for the external angle Z AH, of 
the triangle AHC (Euclid's Elements, B. I. prop. 
3 a.) is equal to the two internal and oppolite angles 
AHC and ACH ;' therefore AHC is the difference 
between the two angles Z AH and ACH, or ZCH ; 
hence this angle AHC (which is equal to NHO) 
Rieafuresi, or is itfelf called, the parallax of the body 
H in that fituation. AHC therl is the angle under 
which the femidiameter AC of the earth appears to 
an eye fituated at the celeftial body H. The angle, 
which the diameterof the earth's orbit would fubtend 

to 
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to an eye Ccuated in a celeftial objeft^ is called tifcj 
parallax of the great orbit. * 

From whkc has been faid above> the following 
vfeful theorem is eafily derived i v\t. tho fine oftU 
parallax is to the fine of a celejlial bod/s anpiit 
iifiance from the vertex as the femi-diameter rf tbi 
earth is to the dijlance of that body from fbe centre ({ 
the earth. Thus the fine of the angle AHC is to 
the fine of the angle ZAH, as AC is to CH. For 
the fides of plane triangles are as the fines of the op- 
pofite angles ; hence in the triangle AHQ the fiae 
of the angle AHC is to the fine of the angle CAH 
(or ZAH}, as AC, the femidiameter of the earth. 
is to C H, the diftancje of the body H fipom C. 
Therefore, if the parallax of a celeftial body, when 
that body is at any given diftance from the vertex, 
be known^ we can eafily find by the theorem, its 
parallax at any other diftance from the vertex. 

It alfo follows from the preceding explanation, 
1 ft, that when bodies are at unequal diftances from 
the centre of the earth, the fines of their parallaxes 
are reciprocally as thofe diftances ; adly, that when 
the bodies are. at equal diftances from the centre of 
the earth, the fines of their parallaxes are as the Qncs 
of their apparent diftances from the zenith i and 
3dly, that when the bodies are at unequal diftances 
both from the centre of the earth and from the 
zenith, then the fine of the parallax of 6ne body is 
to that of another body, in a ratio compounded of 

the 
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; the mverfe ratio of the diftances from the centre of 

- tlie earth, and the dircft ratio of the fines of thq 

- apparent diftances from the^ zenith. , 

The general efieft of the parallax of a celeftial 
body i» to let that body appear nearer to the horizon 
than it really is ; therefore^ in order to deduce the 
proper places of celeftial obje£b from the obferva- 
tions, it is necefl&ry to deduft the effefts of the pa- 
, rallax % for the reladve iituacioDS of celeftial obj^fts 
are always reckoned with refpcd to their centresi 
and to the centre of die earth ; whereas the obfer«> 
vatlons cannot always be made in the diredion of 
the centre of the earth. . 

The efied of the parallax being greater in pro^ 
portion as the objeft is nearer to the earth, it follows 
that the moon Vhich is the ncareft to us^ is fubje6t to 
a greater parallax than any other celeftial body, and 
that parallax varies according to the difierent alti- 
tudes and difieivnt diftances of tiy: moon 3 then fincc , 
the fituadon of die moon muft be afceruihed for 
r various ufeful aftronomical purpofes, thofe various 
parallaxes of the aK>on are calculated, and are fet ia 
tables, which are to be met wich in naudcal alma^^ 
nacSy ephemerides, &c. The horizonul parallax 
of the moon varies from about 61^ y)!\ to 53' 
52^^ The mean horizontal parallax of the fun is 
about 8^^,75. The parallaxes of the other celeftial 
objefts are fo very minute as fcldom tp require otir 
attention. 

voLr IV. Q^ BefideS" 
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Befides the ncccffity of allowing for the effcfts of 
parallax in eftimating the exaft altitudes of celef- 
tial objeftsj the afcertaining of parallaxes anfwers 
another very effential purpofc in aftronomy^ viz. 
they are ufeful for finding the dimenlions and 
principally the diflance^ of the celeftial bodies 
from the earth i as alfo . the dimenfions of their 
orbits./ ' 

When the diflance" of a ccleflial body from the 
earth is khown^ its horizontal parallax^ and hence its 
parallax at any altitude, may be eafily found ; for in 
the right-angled triangle ACI, fig. lo, PI. XXVIII. 
three parts being known (viz. the fenii-diametcr of 
'the earth AC, the diflance of the body C I, and 
the angle A, which is a right angle), the angle 
A I C, which is the horiiontal parallax of the body 
I, is eafily found, by trigonometry ; alfo, if we have 
the parallax, we may eafily determine the diflance 
' of the celeflial bod^ from the centre of the earth ; 
for in that cafe the three angles and the fide A C of 
the fame triangle being known, the fide or diftancc 
CI is eafily determined*. When the diflance of 
the celeftial body is greater than 15000 femi- 
diameters of the earth, then that femi-diameter fecn 
from that coeleftial body^ fubtends an angle fo fmall 

♦ When the diflance and apparent diameter of a celeftial 
body are known, the real diameter of that body is thereby 
eafily determined, 

as 
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as hot to exceed 14 ^ and of courfe very difficult to 
be obfcrved with certainty. 

Hitherto we have mentioned the etfe<9: of the pa-^ 
rallax with refpe^ to the altitude only of a cdeftial 
body> and have ihewn that in confequence of that 
parallaXy the body alWays appears to be foniewhac 
lower than it really is, except when it (lands in the 
vertical line, or in the ^zenith. But it muft be 
obiiervedj that if the apparent place of a celeftial 
objeft, relatively to.the zenith, is different from its 
real placf , the apparent relative fituation of the fame 
body, with refpeft to other circles, muft alfo be dif* 
ferent from its real fituation; viz. its apparent longi^ 
tude, latitude, right afcenfion and declination, muft 
be different from its real longitude, latitude,- &c.' or 
from the longitude, latitude, .&c« it would have, if 
it were viewed from the Qcntre of the earth. Now 
the difference of longitude obfcrved froqi tlie centre 
(or in the direction of the centre) of the earth, which 
is called the true longitude y and that fcen from fome 
other point of the furface of the earth, 1% called the ^ 
parallax of longitude ; the difference between the la* 
titiide,, as obferved from the centre, and that ob- 
fcrved from the furface of the earth, is called tht 
parallax of latitude i the difference of right, afo^nfion^ 
as obferved from the centre, and that obfcrved from 
the furface of the earth, is called the parallax of 
right afcenfion ; and laftly, the difference between 
the declination^ as obfcrved from the Centre, and 

0^2 that 



aaS Of Parallax J RffraaUn^ and 

that observed from the fur^ce of the earthy ts call^ 
the parallax of declination. 

Refraction, as has been explained in the diird 
volume of thcfe Elements, is the bending of the rays 
of light, which is occafioned by their pafling ob- 
liquely from cme medium into another medium of a 
different refradlive power. 

The atmofphere, which furrounds the earth, is a 
fcfraftivc medium, and of courfe the rays of light 
which fall obliquely upoh it, are bent by it ; there- 
fore the celeftial objefts which are neceffarily fen 
through part of the atmofphere, muft appear to be 
in lituations different from their real places, Unlefs 
they be in the zenith i for in that cafe the rays of 
light which come from the celeftial bodies to our 
eyes, fall not obliquely, t^ut perpendicularly, upon 
the atmofphere ; in which cafe tlyy fuffer no bend- 
ing or refra6tion. It naturally follows that the lower 
the fituation of the body is, the greater, ceteris fa- 
ribus^ muft its. refraftlon be j for the rays of light 
fidl mpre obliquely upon the atmofphere! 

Were the atmofphere of an uniform denfity, the 
ray, which fell obliquely upon it, would be bent only 
at its entrance into the atmofphere, and would after^ 
wards proceed ftraight through it t but as the atmo- 
fphere is incfeafing-in denfity in proportion as ic 
approaches the furface of the earth, therefore the 
ray of light is continually bent more and more as ic 

approaches 
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approaches the earth, fo as to become a curve line 
like AB, fig.ii, PL XXVilL; and finceto a fpec- 
tator at B, upon the furface of the earth, the objcft C 
muft appear in the direction which the' ray of light 
CAB has, when it enters the eye at B ; therefore 
the objea, which really (lands at C, muft appear, in 
confequence of the refraftion, to ftand at D. 

The refraftive power of the atmolphcre varies 
according to its gravity, to its temperature, and to 
its humidity ; therefore the real quantity of refrac- 
tion muft be deduced from the compound efFcds 
of all thofc caufcs. 

Various experiments have been inftitotcd with 
great cfare and attention foi^ the purpofe of deters 
mining the quantity of refradlion which accompanies 
each particular degree of the 'air*s gravity, tempera- 
ture, and moifture \ but as it is impolfible to afcer- 
tain the actual ftate of the upper regions of the at* 
mofphere, with refpeft to thpfe particulars, it fol- 
lows that the actual rcfraftion for any given time 
cannot be known with certainty; yet from the indi- 
cations of the barometer, thermometer, and hy- 
gronraeter, tlie refra£live power of the atmofphere 
for any particular altitude, fuch as is given in the 
tables of refradion, nuy in great meafure be cor* 
refted*; but for ordinary purpofcs the mean re- 
£:a£tionB of the table are quite fufiicient* 

It appears therefore that the celeftial bodies are 
(een out of tbleir real places, not only iii confequence 



■ I Pil ■■■^1— — ■ -I ■ ■ I ■! ■ III 



• S«c I>r. Bradley's Rule* » his Woffcs, 



i5* OfParallaXy Refralfiotti and 

of the parallax, but likcwife in'confequcncc of thie 
refra&ion of the atmofphcrc ; and that the parallax 
caufes them to appear lower than they really are, 
whilft the refraftion makes thenn appear higher than 
their real places ; therefore, in order to determine 
their real from their apparent places, a correftion 
for the effedt of refraftion is alio to be applied; 
and for this purpofe the refraftions for different al- 
titudes, at a mean date of the atmolphere; are cal- 
culated ^nd ftated in a table^i called the tqhle ef re- 
frdSiiensin aliitude. 

Bcfides the refraftion in altitude, there are four 
other forts of refraftion, the nature of which will 
be eafily underftood from what has be'en faid witli 
tefpedt to the diffiererit forts of parallax. In (hort, 
if the effed of the refraftion caufes a body to appear 
in a place different from its real place, it follows 
that the apparent fituation of jhat body with refpcft 
to other circles^ mufl be different from its rtal fitua- 
tion ; viz. in confequence of the refradlion, the red 
longitude, latitude, right afcenfion, and declination 
of that body, muft differ from its apparent longi- 
tude, latitude, &c. and thofe differences conftitute, 
or are called, the refraSiion of longitude^ the refraSHon 
Xif latitude, the refraction of right afcenfton^ and the tt* 
fraSion of declination. / 

The quantity of refradion for every degree of 
altitude in a mean flate ofthe atmofphere, is fhewn 
i)y the following table, which confifls of two zo^ 
himns repeated. Thp firfl column con(;ains the 

apparent 
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apparent aldtudes^ and the fecond (hews the cor- 
relpondcnt rcfraftion, or the quantity which 'muft 
be fiibtraftcd from the apparent alritude of the cc^ 
leftial objed:. Thus when a celeftial body appears 
to be ^6 degrees above the horizon, you will find 
againft 36 degrees of apparent altitude in the table. 
i' 18''; which means. that the refradion makes the 
objefl: appear i' 18" higher than it really isj hence 
that quantity muft be fybtr^fted from 36% and the- 
remainder 35** 58' 42", is the altitude of the objcft 
corrcfted of the efFeft of refradtion. 
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The h6rizontal rcfraSion varies from ji* td jff*, 
The rcfraftions for other altiiudes are alfo variable^ 
but lefs and lefs, in proportion as they recede from 
^e horizon. In ccmfequencc of the caufes which 
J^ave been mentioned above, naniely, the tcntpcra- 
ture, gravity, &c. the rcfraftion is greater in odd 
weather and cold climates than in warmer j it is 
. generally greater in the morning than in the evening, 
&c. In conleqUence of the^ rcfraftion, the fun, 
plahetS) ftars, &c. begin to appear when they arc 
adlually below the horizon. 

A very remarkable efFeft of the refradVion of the 
atmofphcre is known under the name of /«;/7/|i&/ 
(crepu/culutn)^ and it is the light which we perceive 
when the fiin is actually fcveral degrees below the 
korizon.i in which cafe it is evident that if the rays 
of ligl^t, which proceed from the fun, were not 
bent by the atmofphere, they could not poffibly 
reach us; that light, therefore, which, we receive 
from the fun, either before its rifrng or after 
its fctting, and in confequence of the refraftive 
power, as alfo the refledtbn, of the atmofphere, 
is the twi/ight. At a mean the twilight begins 
to appear in the morning, or ceafes to appear 
i9 the evening, when the fun is about iJ"* be- 
low the horizon. Whatever increafes or decrcafes 
the refraftive power of the atmofphere, will, of 
courfe, increafe or decreafe the duration of the twi- 
light, viz. will caufe the twilight to begin when the 
fun is more or lefs than 18^ below the horizon. 

Thus, c^eferis jpariius, the twilight in cold climates 
9 lads 
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lafts longer than in warmer climates. When the 
faHy during the night, does not defcend belov^ the 
hort2on more than i8%'as is the cafe with this^fland 
in the fummer tim^ then the twilight lafts all nigb^ 
or it is faid that there is no night. Within the prfar 
circle, the fun in confequence of the refraftion of 
the atmofphcre, efpecially in that cold climate, be- 
gins to make its appearance fome days before it 
ought to appear according to its neal fituation. 
According as the fun either in its rifing or in its 
fctting is a longer or a fhorter time in percurring the 
18** below the horizon, which arifes from the dif- 
ferent obliquity of its courfe, fo the twilight begins 
fooner or later before fuh rife, and continues longer 
or fliorter after fun ftt. Hence, in this country, the 
twilight is longer in the furnmer time than in the 
winter; hence alfo, ceteris paribus y the twilight 
lafl:s longer in higher latitudes than near to the 
equator. 

The Aberration is an apparent movement of the 
(larS) which was difcovercd towards the beginning 
of the laft century, by Dr. Bradley, then aftronomer 
royal. This apparent movement is the compound 
cfFeft of the pfogreffive motion of light, and of the 
motion of the earth in its orbit; in confequence of 
which each fixed ftar appears in the courfe of one 
year, to defcribe a fmall ellipfe^ whofe greater axis^ 
\% about 40''. 

In order to comprehend the caufe of this apparent 
movement, let Ei fig, 13, Plate XXVIII. be a ftar^ 

f 
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£:t>m which a ray of light proceeds towards us^ and 
confider this ray as a ftnall body moving from E to 
B. Let A B be a portion of the earth's orbit j for 
inftance of ao", and let CB reprefent the fpace pcr- 
curred by the light whilft the earth has moved from 
A to B i fo that the (mall body or partide of light 
is at Cy when the earth is at A j and both at the 
fame time arrive at B. Thus CB and AB reprefent 
the refpeftive velocities of the light and of the earth 
ia ao" pi time. Draw CD equal and parallel to 
AB, -and complete the parallelogram DCAB. 
Then, agreeably to the principles of the.compofi- 
tion and refolution of forces (fee the firft volume 
of this work), the velocity of light CB may be con- 
fidered as the refult of two velocities in the direc- 
tions CD and CA; of which the velocity CD, being 
in the fame direftion, and equal in quantity to the 
velocity of A B of the earth, cannot be perceived; 
for the eye of an obferver on the earth cannot 
be ftruck by a body which moves with the fame ve- 
locity and in the fame direftion as the eye itfelf; 
therefore that part of the velocity bf light which is 
in the dircftion C A, is what affefts the eye of the 
obferver ; and hence we perceive the ftar in the di- 
reftion AC or BD, which is parallel to AC. Then 
the angle CBP is called the aberration. In fhort, 
CBD is the angle by which a ftar fcems to be re- 
moved from its true place, in confequence both of 
the progreflive motion of light, and of the motioo 
of the earth in its orbit. 

. This 
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This compound effcd being rather difficultly 
comprehended by beginners/ I fliall fubjoin Dr. 
Bradley's o^n explanation, which places the phaeno- 
mcnon in a different light *. The doftor inn'agined 
CA, fig. J 2, Plate XXVIIL to be a ray of light 
falling perpendicularly upon the line BD; that, if 
the eye be at reft at A, the objeft muft appear in 
the dircftion AC, whether light be propagated in 
dme^ or inftantaneoufly. But if the eye be moving 
from B towards A, and light is propagated in 
time, with a velocity that is to the velocity of the 
eye a3 CA to BA, then light, moving from C to A, 
whilft the eye moves from B to A, that particle of 
it, by which the objeft will be difcerned, when the 
eye comes to A, is at C when the eye is at B. 
Joining the points B, C, he fuppofed the line CB 
to be a tube, inclined to the line BD in the angle 
DBC, of fuch a diameter as to admit but one par- 
ticle of light. Then it was eafy to conceive, that 
the particle of light at C, by which the obje6t muft 
fee feen, when the eye as it movels along, arrives at 
A, would pafs through the tube BC, if it be in- 
clined to BD in the angle DBC, and accompanies 
the eye in its motion from B to A 5 and that it 
could not come to the eye placed behind fuch a 
tube, if it had any other inclination to the line BD. ' 
If, inftead of fuppofing C B fo fmall a tube, wc 
iniagine it to be the axis of a larger tube ; then, for 
the lame reafon, the particle of light at C would 






Philofopbical Tranfadions, N* 406. 

not 



3j6 Of Parallax^ Rifr^Stkn^ mi 

not pais through that axis> unlefs it is incUned 
BD in the angle CBD. In like manner, if 
eye moved the contrary way, from D towards A|] 
with the fame veIocity> then the tube muft be iiw 
elined in the angle BDC. Although, therefore^ 
the true^ or teal place of an objeft is perpendicabrj 
to the line in which the eye is moving,, yet the vipk\ 
place will not be fo^ (ince that, no doubt, muft- be 
in thedire£tion of the tube; but the difference be* 
tween the true and apparent place, will be^ c^mx 
paribus^ greater or lefs, according to the differem^ 
proportion between the velocity of light and that o(^ 
the eye. So that if we cogld fuppofe that light wii 
propagated in an inftant, then there would beoO 
difference between the real and vifible place of to 
objeft, although th^ eye were in motion j for in dwt 
xafe, AC being infinite with reipeft to AB, thc*| 
angle ACB, viz. the difference between, the tmc 
and vifible phce, vanifhes. But if light be propa- I 
gated in time, it is evident, from the foregoing 
confiderations, that there wiy be always a difference 
between the real and vifible place of an objcft, ufr 
lefs the eye is moving either direftly towards or 
from the objeft : and, in all cafes, the fine of the 
difference between the real and vifible place of the 
objeft will be to the fine of the vifible inclinatiiw 
of the objeft to the line in which the eye is mov- 
ing, as the velocity of the eye is to the velocity of 
light. 

The doftor then fhews, that if the earth revolve 

rouad 
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^mnd die fu^ annually, and the velocity of light be 
feo die velocity of the eanh's motion in its orbit^ as 
t400O to 1 3 that a ftar really placed in the very pole 
MT the ecliptic, would, to an eye carried along with 
itt earth, feem to change its place continually 1 and 
^le£ting the fmall difference on account of the 
Wtfa's diurnal revolution on its axis, would leem to 
ieftribe a circle round that pole^ every way diftanc 
iom it 3 1' ; io that its longitude would be varied 
JiFOugh ail the points of the ecliptic every year» 
put its latitude would always remain the fame. Its 
sight afcenfion would alfo change, and its declina- 
am, according to the different fituations of the fun, 
Ritb refpcA to the equinodial points, and its appsr 
Bent diftance from the north pole of the equator, 
would be Y ^^^ ^^ ^^^ autumnal thkn at the vernal 
Kquinox. * 

The greateft alteration of the place of a ftar in 
the pole of the ecliptic, or which, in effe£t, amounts 
ho the fame thing, the proportion between the velo* 
city of light and the earth's motion in its orbit being 
known, it will not be diiEcult, he obferves, to find 
^lut Would be the difference, upon this account, 
between the true and apparent place of any pther 
ftar at any time ; and, on the contrary, the difference 
between the true and apparent place being given, 
the proporuon between the velocicy of light and the 
^th's motion in its orbit may be found. 

Now, finQC the apparent declination of the ftar, 
^lled T Draconis, on account of the fucceffive 

propagation. 
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propagation of ligKt, would be to the diameter ofl» 
the little circle which a ftar would feem. to dcfcnbcli 
about the pole of the ecliptic, as 39" to 40''^; tklQ 
half of this is the angle ACB» This, therefbtti|i 
being 20", 2, AC will be to AB, that is, thc?^ 
locity of light will be to the vclocujr of the cjc 
(which in this cafe may be ftrppbfcd the fame as thp 
velocity of the earth's annual motion in its ortnt) as 
1 02 10 to 1 5 from whence it will follQW, that'light 
moves as far as from the fun to the earth in B', it. 
This, Dr. Bradley obferves, is very probabljr the 
truth, becaufe it is a medium between 7 andiii 
which were the times which it had before been fup* 
pofed to take up, according to diflferent obfervatiaW' 
of the cclipfcs of Jupiter's fatellites* Comparing* 
his obfervations on other ftars, he afterwards .con- 
cluded that light is propagated from the fun to the 
earth in 8^ 13" ; and the near agreement of his ob- 
fervations induced him to think that this fuppofi- 
tion could not differ fo much . as a fccond of 1. 
dcerce from the truth j fo that the time which 
fpends in paffing from the fun to us may be deter* 
mined by thefe obfervations within 5'', or lo'', 
which is fuch a degree of exafthefs as we can j 
never hope to attain from the eclipfes of Jupiter's .i 

fatellrtes. JicI 

The near agreement of the refult of Dr. Bradr. 
ley's obfervations on the light of the ftar3, which 
we have all the rcafoq to fuppofe that they (hine by 
their own luftre, with the refult of Mt. RoemcrV 

obfervations 
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^bfervations on the light of the fatellites of Jupiter, 
^vhich (hine by reflefting the light of thf fun, not 
«nly confirms the progreffive motion of light, but 
Itkewife (hews* that the velocity of light is the fame 
before as after refleftion. 

The aberration arifing from the compound mo- 
tion, of light 'and of the earth, does alfo afFedt the, 
planets^ and the fun ; and though it be very little ; 
yet in nice computations of bccultations and other . 
problems, this aberration muft be calculated from 
the known: velocities of light, the velocity and di- 
rcftion of the earth, arid the diftance of the planet 
in queftion. The fun's aberration in longitude is 
conftantly 20" j for the earth moves through that 
fpace in 8" 7% which is the time ernployed by 
It^t in paffing from the fun to us. 

•^ Dr. Bradley, by his continued obfervations 
on tic ftars, perceived each year the period of the 
aberrations confirmed, according to the rules he 
had lately difcovered ; but befides this, he found 
from year to year . other differences, the confi- 
deration of which led him to another brilliant 

r 

difcQvery, that of the nutation of the earth's axis. 
This is a kind of libratory motion of the earth's 
axis, by which its inclination to the plane of the 
ecliptic is continually varying backwards and for- 
wards, by a fmall number of feconds. The whole 
extent of this change in the inclination of the 
axis, or, which is a confequence of it, in the 

apparent 
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apparent declination of the ftars^ is about i ^^'^ and 
the period of the chlange 13 little rpore than nine 
years ; or, the fpacc of time from its fetticg out 
from any point and returning to the fame agaisi 
about 1 8 years and 7 months^ being the iame as 
the period of the moon's motions, on which in- 
deed it chiefly depends, being the effed: of the 
inequalities of the joint adlion of the fun and moon 
upon the fphcroidicaJ figure of the earth, by which 
its axis is made to revolve with a conical motiooy 
fo that the extremity of it deicribes a fmall ellipfis, 
having its diameters i9'9i> and i4'>2, each revo- 
lution being performed in^ the time above-men- 
tioned. This is a natural confcquence of the 
Newtonian fyftem of univerfal attra6lion, and had 
been hinted at. by fome, ever fince the publicarioa 
of the Principia.'' * 

Thus we have pointed out the difFerenB appa- 
rent movements , of the ftars, and have Ihewn 
diat they arifc from the parallax, from the refrac- ^ 
tion of the atmofphere, from the progreflive mo- 
tion of light, and from the movements of the 
earth. Yet it mufl: be acknowledged, that inde* 



, ' 



* Mr. Gregory's Aftronomy, Chap. XXIL For far- 
ther information on the fubjeft of the nutation, fee the 
Philofophical Tranfaftions for 1784. Dr. Mafkelyne's 
Aftronomical Obfervations, 1776 j and Dc la Landc's 

Aftronomy, Vol. III. 
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pcivlent of thofc apparent movements^ fome of 
ti^c fixed ftars have, been found to have a proper 
thou^ exceedingly fmall nriotiot\. The prefent 
ftate of aftronontiical knowledge cannot well ac- 
count for this movement ; perhaps the. ftars or. 
whole fyftems;! * though indmenfely diftant from 
each other,, may alfo have a mutual tejndency or 
attradtions perhaps a congeries of fyftems, or the 
whole aflemblage of them all, may turn round a 
common cehtrc of attractions but we muft. leave 
Cfac^ Osculations to pofterity. 
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CHAP. XIL 



OF THE DIVISION OF TJME, aWD . OF THE E(lpA» , 

TION OF TIME. 



ACCORDING to the common or vulgar 
fignification, the day and the nighty mean 
refpeftively the time of the fun's remaining above 
the horizon, and the time of its remaining below 
it. For the fake of diftinftion, this day is callcct 
the artificial day. The natural day is the time em- 
ployed by the fun in its apparent motion all round 
the earth, from one meridian and to the fame again. 
This time is divided into 24 hours; each hour is 
divided into 60 minutes; each minute into 60 fc- ' 
conds ; each fecond into 60 thirds, &c. When 
the intervals of time are longer than one day, they 
may be reckoned by the number of days, and parts 
of a day, or by certain affemblages of days toge- 
ther, with odd days and parts of a day. Thofc af- 
femblages of days are called weeks ^ months^ yearsy 
cycles i periods y fcf ^ . 

The 24 hour's, or 24 parts, of a natural daJr^ 
are not always' equal to the 24 parts of another 
natural «day; or, ia other words, the fun does not 

always 
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i^ays employ the fame time in its apparent motion 
and the earth, from a given meridian to the fame 
ain. This, as has been explained in the preced- 
l chapters of this volume, arifes from the earth'^s 
bit being elliptical, from the earth's axis being in- 
ned to the plane of the ecliptic, and from the pre- 
QSon of the equinoxes. But independent x>{ the 
iory, the inequality of natural days is clearly ma^ 
"efted by means of the well known machines, 
lied clocks^ regulators^ time-keepers, chronometers, 

longitude watches ; for by obferving the fun*s 
mfit over the meridian each day, it will be found 
It the fun's centre comes to the meridian fome- 
iies before and fometimes after the lapfe of fuch 
. hours, as are fhewn by the going oi the clock, 

chronometer ; but the mean natural days, viz. 
ofe thit.are between the longed and the fhorteft, 
c precifely equal to the 24 hours of the clock; 
nee thefe are called hours of true or mean time, 
z^ the 24 equal parts ofmean days. 
That upon the whole, well regulated chronome- 
rs, are equable meafures of time, is proved by 
eif agreeing among themfelves, which they do 
thin a trifling <lifFerence of a fecond or two, and 
lich difference may be afcertained by the motion 

the fun itfelf, or by the time of its^arrlval to tliC 
eridian; for as that time, whether longer or (horter 
an the period of 24 hours of mean rime, has been 
ilculated from theory, and being tneafu red by the 
ock at the time of the fun's tranfit, the obferver 

R 2 will 
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mW eafily perceive whether the clocK indicates, the 
fame excefs or defefl: from the 24 hours of mean 
time> as has been obtained by calculation, and is x^ 
giftered in nioft almanacks^ • This cxqcfs* or dcfcfl, 
which muft be added to or fqbtrafted froa?n the 24 
hours of mean time, or fuch as are (hewn by 9 well 
regulated chronometer, in order to obtain the nral 
length of a natural day, is called the iquation Y 
time \ and it fometimes amounts to fevtral cni^ulii^ 

The natural day is either civil or s^ftrinacmcaL A 
different commencement of the civil day has been 
adopted by different nations^ The Briiilh> French, 
Dutch, Spaniards, and others, begin the civil day 
at midnight ; the ancient Greeks, Je^, Bohen^ans^ 
Silefians, with the modern Italians and Chinefe, 
begin it at fun-fetting ; the ancient Babylonians, 
Perfians, Syrians, and modern Greeks, begin it at 
fun-rifing. 

The ajlrommical day at any place commence*, 
when the fun's centre is on the meridian of that 
place, and its 24 hours are reckoned from i to 12; 
and again from i to a fecond 1 2 ; diftinguifiiing 
the firft 12 by the initial letters P. M. which mean 
fojt meridiem or in the afternoon \ and the fecond n 
hours by the initials A, M. which mean ant^ m- 
ridiemy or in the forenoon* Aftronomers,' however, 
generally reckon through the 24 hours from noon 
to noon ; fo that what is commonly called the hour 
of JO in the morning of April the 6th, is called by 
the aftronomers the 2 2d hour of April the 5th ; 
^* and 



and 5 o'plock in the morning of Oftobcr the 2cth, is 
exprefled by the aftronomofs, Oftober the i9th/ 
1 5*, and fo forth> 

The Tun'i daily motion itt longitude, Mrhkh is 
ftieaiured by an arc of the ecliptic, or its daily mo*- 
tiqn in right afccnfidn vthkh is mtafured by the 
corrcfpondent arc of the equator, being nearly equal 
to 59 8% it follows that the aboYe-mentioned ailro- 
ttomrcal day is meafured by the fum of the whole 
equator (vit. 360*), ^nd an arc of it equal to the 
fun's daily motion in right afcehfion (v\t. 59' S''), 
which fum is equal to 360% 59', 8". For at the ehd 
of a diurnal rotation of the earth, which obferva- 
tiofts Ihew to be eqiiable, the meridian cotnes to the 
fame ttsif or point of the ecliptic at which it ftood 
oh the preceding noon ; cDccepting the very fmall 
difference which arifes from the preceflion of the 
equlnoftial points; whereas the fun, during that 
period, has removed from that ftar or point of the 
ecliptic to another, which has a greatet- Hght afcen- 
fion by 59', 8^'; therefore he mud dcfcribc fuch an 
additional arc bcfides a whole circle, in order to re- 
turn to the fame meridian j hence a fidereal.day, 
which is the interval between two fucceflive returns 
of the fame ftar, to the fame meridian, is (hortef 
than a mean folar day by 3 minutes and 56 feconds' 
of time, which 3", 56% is the time employed by 
the fun in percurring the additional arc of 59', 8"i 
fb that die mean foht day is 24 hours, whilft the 

' R 3 fidereal 
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fidercal day is 23**, 56°*, 4*, according to the clock, 
whjch fhcws mean time. 

The folar days are equal, or the mean fokr days 
take place when the fun's daily motion in right afcen- 
fion is 59^ 8'V which takes place about the 15th of 
April, the 15th of June, the ill of September, and 
the ^4th of December s fo that at thoie times the 
fun and the clock, or the fun-dial and the clock, 
agree very nearly, and of courfe no equation Is 
wanted; att)ther times the fun-dial ai|d the clock 
difagree more or lefs, and an equation is required. 
This equation is greateft about the ift of Noycmr 
bcr, when it amounts to 16", 14%. 

It is evident, from what has been iaid above, that 
k) feyeral aftronomical obfervations the equation of 
time, befides the other corrections for parallax, re? 
fraftion, &c. muft be duly attended to. 

I need not inform the reader of the names and of 
the number of days which fofm a week. 

A monthy properly fpeaking, is the time of a lunar 
tion, or the period of time taken up by the moon in 
performing its courfe in the zodiac. Another month, 
which more properly is the qftronomkal month, and 
is nearly equal, to tlie above,^ i$ the time in which 
the fun moves along one fign of the ecliptic. A 
avil month confifts of a certain number of days, 
which number, however, is not always the fame 
for every month, nor the fame in all countries. 
J he naipes of the twelyp months, together wjtji 
• ' ' - ■ the 
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the number of days in each, as arc at prc- 
fcnt in \ife among the grc^teft number of civi- 
li?:ed nations, are fo well and fo commonly known^ 
diat nothing more needs be faid about t^em in this 
place. 

.What the fidereal, the folar, thc^ anomaliftic, 
and the civil years, arc, has been already fh^wn 
in another place ; but in order to^refent all thofe 
mcafures of time in one point of view, we fhall 
briefly repeat their lengths in this place. ., 

The mean tropical or /olar year, confifts of 365% 

Tht Jidereal year confifts of 365% 6^ 9"*, 12*. 

The anomalijlic year^ which is the time employed 
by the earth, in going from aphelion to aphelion, 
confifts of 365', 6', i4"i a% 
c^ The common civil year, ilfo called Julian year, fuch 
as is adopted by moft nations, confifts of 365 days ; 
but every fourth year is , called a hiffexftile Or leap 
year^ and' confifts of 366 days, viz. one day more 
dian thei common year ; and this day is ufually 
added to the end of February j excepting, however, 
the laft year of every century, not divifiblc by four, 
which is to remain a common year of 365 days. Sec 
page 61 and 62 of this voliime. 

The lunar year confifts of la revolutions of the 
moon, from the fun to the fun again, and it con- 
tains nearly 354^ 8^, 48", z^*^ 

A cycle is a perpetual circulation of a certain 
'fixed and determined time. Thus the i:ycle of the 

R 4 ' "/»» 



a^Z Of the DiviJiM Md l^uaiim rf ^wii. 

Jkn is a revolution of 28 yearsi in which cixxse the 
days of the months return again to the &nie days 
of the week ; the iun's place returns to the &me 
iighs and degrees of the edipttc on the fame months 
' and days^ fo. as not to differ one degree in lOQ 
years $ and the leap-years begin the fame courfe 
over again with refpeft to the days of the week cm 
.which, the days of die months faU. The cfch nf 
the moon, commonly called the g^ldm fmmier, is a 
period of 1 9 years, in which time the conjunctions, 
oppofitions, -and other afpefts of the moon, are • 
within about an hour and a half of being the fiime as 

r 

they were on the fame days of the months 1 9 years 
before. The indHfm h a revolution of 1 5 years, 
ufed only by the Romans for indicating the tunes 
of certain payments made by the fubjefts of tfcc 
Republic. It was eftablifhcd by Conftantinc, 
A. D. 312. 

' The year of our Saviour's birth, according to 
the vulgar sBra, was the 9ch year of the folar cycle, 
the firft year of the lunar cycle; and- the 3 rath 
year after his birth, was the firft year of tlie Roimn 
indiftion. From this we may eafily find the cor* 
refpondence between the fubfequent cycles. 

The olympiads confifted each of four years, and 
the mode of reckoning by olympiads was ufed by 
the Greeks. The firft olympiad began 775 years 
(according to other chronologifts 777 years) bc^ 
fore the birrh of our Saviour. 

Different nations and at different times various 

points 
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points or commencements of the numeration of years 
have been adopted. Some rcckpned from the fup- 
' pofed time of tlie creation of the world. The 
'Romans counted from the building of Rome ; the 
Turks reckon from the flight of Mahomet, called 
the begiray or Turkifib cera ; almqft all the nations of 
£urope and America reckon from the birth of our 
Saviour^ and this is called^ the Chriftian asra ; 
the modern French reckon from the abolitkm 
of their monarchical government j other nations 
have ufed other aeras. But of all thole asras the 
"JvliM period fe^ms to be the moft ufeful, as it in* 
'chides almoft all the other seras or periods. This 
Julian period confifts of 7980 years, which number 
is the produ<5t of 15,19, and a8, viz. of the Roman 
indiftion, of the lunar cyj:le, and of the folar cycle ; 
and the firft year of this period was that wherein all 
thofe cycles began together. 

In the following fhort table, I fhall ftate the com- 
mencement or the correfpondeiice of the principal 
«5ras, according to the more commonly received 
6pinion ; for the precife times of feveral remarkable 
events have been differently flated, and are as yet 
the fubjeft of controverfyi I muft therefore refer 
the inquifitive Header to the profeffed works of chro- 
jpclogifts with relped to thofe points. 
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Table of remarkable ^ras, or Periods. 



The creation of the world, ac- 
cording to the more comnion 
opinion ^ - - - 
The deluge - - - - 
The beginning of the olympiads - 

. ( according to Varro 

The building J according to the 

of Rome \ rcgifters of the 

( Capitol 

The aefa of Nabonaflar - - - 

The fuppofed true aera of Chrift's 

birth - - ' - . - 



The Dion^fian or vulgar aera of 
Chrift's birth - - - 
The Arabian or Turkifh hegira - 
The PerGan yejdegtrd - - 
The Republican French sera 



Years 

before 
Chrift. 

1 


Years ,of 

the Juliaii 
period. 


4007 
2351 

775 
753 


7o5 
4362 

3938 
3961 


- 752 
746 


3962 
39^7 


4 


4709 


Years after 
Chrift, 






622 

631 

1792 

Sept.22 


4713 
5335 
5344 
6505- 
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CHAP. XIII. 



or ECLIPSES, OCCULT ATIONS, AND TRANSITS. 



WHEN OHr view of a celeftial body is oIh 
ftrufted by the intei'poGtion of another 
celeftial body, or of its fliadow, the phenomenon 
is called an ecli$/ey an iiccultation^ or a . tr unfit ; ycl; 
not quite indifcriminately fo ; for the word ecli0s is 
more particularly applied to the apparent obfcura- 
tion bf the fun by the interpofition of the moon be* 
tween it and the earth ; to the oblcuration of the 
moon by its coming within the Ihadow of the 
earths and to the obfcuration of the Satellites of 
other planets by their coming within die fhadows 
of their refpeftive primaries. The word occultation 
is more commonly applied to the difappearance of 
the ftars or planets, occafioned by the interpofition 
of the" moon. The wprd tranftt is more com- 
monly ufed to denote the patiage of the inferior 
planets, Venus and Mercury, over the difc of 
the fun. . 

Of all thofe phenomena, the eclipfes of the fun 
and of the moon, are by far the moft ftriking, 
and have -at all times excited the fear^ of the vulgar, 

and 
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and the diligent attention of the moft enlightened 
part of tfie human fpecies. The prefcnt improved 
ftate of aftronomy has brought all the particuiars, 
which relate to eclipfes, occultations,^ and traniits» 
' within the limits of calculation, whence the tinnes^ 
durations, and quantities of thofe phenomena may 
be foretold with wonderful accuiticy. 

Having elfevvhere fliewn the general nature of 
eclipfes, we (hall, for the fake of perfpicuity, colled 
in this chapter all the moft elfential paiticolars rela- 
tive to thofe phenomena, in order that the reader 
may lee the fubjcd under one point of view. 

As the light of the fun falls upon the eardi, a 
Ihadow of the latter muft be extended in the 
hea,venly fpace behind it ; and this (hadow is coni- 
cal, becauft the fun is larger than the earth. But 
iMi the fides of this converging or conical fhadow, 
there is a diverging (hadow, the denfi ty of which 
decreafes in proportion as it recedes from the 
fides of the former conical (hadow ; this, which is 
tifunlly called' the fenumbray . is Occafioned by the 
jmrtial obftruftion of the fun's rays in the places ad- 
jacent to the dcnfe conical fliadow. Thus, in fig. i, 
Plate XXIX. the rays of the fun ASB, falling upon 
the earth feTF, are intercepted by it, whence the 
conical fhadow EFC is formed, from no part of 
which the fun can be fcen ; but adjoining to and all 
round this cone, there is the diverging imperfcd 
(hadow or penumbra EFHG, from any part of 
VPhieh a portion only of the fun can be "feen 5 and 

that 



that portioii of x\^ fun's difq is tirger accofding m 
th'e place is farther ironn the conical fliadow £FC» 
hence the pemin>bra decreafes in iuteaifitf i thus at 
Q, the portion zylS^ of the fan can only be fecn, 
hut frona R, the portion 's^ t^ B is fccp ; v^bidk 
jx^ortions are dotcmnincd by drawing ftraight lines 
from the given places fio the fun and along the fur- 
f^ce F of the earth; The conical fliadow EFC of 
the earth is extended much farther than the diftancc 
of the fnoon> but not war fo far as the neareft 
planet which is Mars; therefore the moon alone 
can cotne within that Ihadow. 

Now let O P be a portion of ?he tnoon's orbit ; 
then as the moon> in its motion from tte weft to- 
wards the eaft, viz. from O towards P, enters the 
peaumbra at O, it begins to be pardy obfcured oa 
its eaftern fide 5 the obfcuration gradually proceeds 
towards the weftcrn fide of the moon, and increafes 
in intenfity ; the moon then comes within the coni- 
c^lhadowEFC^ at which tinrte the .obfcuration is- 
grcatcft. After this, it begins to emerge out of 
the conical Ihadow EFC, with its eaftern fide, and 
as it proceeds it becomes-gradually more and more 
illuminated, until the end of the eclipfe, viz. until 
the moon is got quite out of the penumbra at P. 
But it muft be obfcrved, that ,the moon is never 
perfectly eclipfedj or, ia other words, during an ' 
eclipfe, we never lofe fight of the moon entirely, 
even when^ fhe i^ at L, in the middle of the conical 
fhadow jEFC ; but io that fuuation {he appears- of a. 

dark 
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dark dull red colour, which is owing to the r^ 
fraftive power of the earth's atmofphere (the fame 
which produces the twilight^ in confequence of 
which fome of the fun's rays which pafs clofe to the 
iwhtt of the cai;th, and through its atmofphere^ arc 
bent or refrafted by the latter, fo as to enter the cone 
EFC, and in fonne nieafure diminifh the perfeft 
darkncis which it would have if the earth had no 
atmofphere. •• ' 

By infpefting fig. i, and by attending to the 
above explanation, the following particulars will 
be eafily comprehended. An cclipfc of the moon 
can only happca at the time of full moon, when 
the fun, the earth, and the moon, are in the fame 
ftraight line ; but on account of the inclination of 
the moon's orbit to the earth's orbit, an eclipfe can- 
not take place at every full moon. It can only take 
place when the full moon happens to be in one of 
the nodes of the moon's orbit, or fo near it, as that 
the moon's latitude does not exceed the fum of the 
moon's apparent femidiameter and the femidiameter 
of the earth '5 fliadow, where it meets the moon's 
orbit. ^ And according as that latitude is more- or 
lefs, or nothing, fb the eclipfe may be partial, totals 
or central. 

The quantity of the moon's dilc which is ecHpfed 
(and the fame thing muft be undefftood of the difc 
of the fun in a folar eclipfe), is exprefled by twelfth 
p^rts, called digits, of that difc, viz. the difc is 
fgppofed to be divided by twelve parallel lines: then 

if 
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if half the difcis eclipfed, the quantity of the eclipfc 
is faid to be fix digits j if one twelfth part is ob- 
fcurcdy then the quantity of the ccHpfe is faid to be 
of one digit; and fo forth. And when the diamfeter 
of the (hadbw, through which the moon muft pafs, 
IS greater than the diameter of the moon, then 
the quantity of the eclipfe is faid to be more than 12 
digits /thiis, if the diameter of the moon is to the 
diameter of the (hadow as 4 to 5, then the quan- 
tity of eclipfe is faid to be equal to 15 djgitsi for 
4 : 5.: : 12 : 15. 

.. The cclipfcs of the moon are vifible alike from 
Jill fuch parts of the earth as have the moon above 
the horizon at that time ; but they are not feen at 
the very fame time from places which differ in longi- 
tude; for inftance, if a place B be 15 degfees weft- 
ward of another place Ai the obferver. at the lattjcr 
place A, muft fee the commencenr^ent or the end of 
the eclipfe an hour later than the obferver at B,.be- 
caufe on account of their difference of longitude 
when it IS I o o'clock at B, it is 1 1 o'clock at A, or 
when it is ri at B, it muft be 1 2 at A, &c. Hence, 
from attentive obferyations, made at two different 
places, of the commencement, or of the end of the 
eclipfe, or of the arrival of the fhadow at any par- 
ticular fpot of the moon j the difference of longitude 
between thofc two places may be determined. 

The moon alvvays • enters the (hadow with its 
eaftcrn fide, and com^s out of. it with the fame 
caftern fide foremoft i for the proper motion of the 

moon 
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mooi^ being fwifter than that of the earth's fliadofWj 
the moon approaches the fbadow from the wpft^ and 
pafljbs through it with its eaftern fick foremo^ 
leaving the fliadow weftward. 

The duration of a hinar eclipfe is various^ but it 
never exceeds two hours. In order to oUctdate the 
tinae^ duration^ and quantity of an edipie^ the M- 
lowing particulars muft be knQ(wo> and thefe are 
obtained fronfi the almanacks and other aftroooint- 
cal tables. 

The true time of the moon's oppoQtiony. for the 
particular place for which the oompwaDoo of |thc 
eclipfe is intended. 

The apparent time of the fame> and &r the &m 
place. 

The fun's pUce in the ecliptic. ' 

The mcxwr's place in the ccUptic. 

The place of the moan's node. ^ 

The moon's latitude. 

The moon's' diftance from the earth, or its appa- 
rent diameter^ at the time. 

The fun's horary motion ; and 

The moon's horary motion. 

The cclipfes of the fun take place when the moon 

happens to be in conjunft ion with the fun, or between 

the fun and the earth, viz. at the time of the new 

moon, at which time the fhadow of thie moon i«lb 

upon the furface of the earth; hence, properly 

fpeaking, fuch eclipfcs (hould be called eclipfcs of 

the earth. But the whole difc of the cardi can 

never 



ttever be entirely involved in the fhadow of the 
moon> becaufe die moon is much fmaller than the 
earthj and the ihadow of the mboni being conical^ 
the fedtion of that cone at the diiiance of the earth 
is conliderably fmaller than the difc of the mooq. 
Thus, in fig. 2, Plate XXIX. the rays of the fun 
ASB^ being intercepted by the moon CLD^ form 
the conical Ihadow CDG> which falling upon the 
.furfefe of the earth ETF, entirely deprives the por- 
tion / of the fun's light; and of courfe the inha- 
bitants of that portion will havp a total eclipfe of the 
fun, the eclipfe being central at n. Beyond the 
denfe conical fhadow CGD> there is the inverted 
cone of the penum^a CD£F> which is occafioned 
by the moon^s intercepting a part only of the fun's 
rays from thofe places which fall within the pcnum- 
bral cone> and are out of the denfe ihadow CDG i 
thus from Z, the portion Y YB of the fun can only 
be feen j confcquendy the inhabitants of the parts 
Q F, and i E, or of the zone which goes all round 
the denfe fhadow, will have a partial eclipfe, the 
quantity of which, for any particular place, is more 
or Icfs, in propprtion as that place is nearer to the 
denfe fhadow i O, or nearer to the borders EF of 
the penumbra* 

Knowing the diameters of the fun and moon, as^ 
alfo the diflances of the fun from the moon and 
from the earth, at the time of the conjunftion j the 
extent of the conical fhadow, and the diameter of 
of its . fedion at the furface of the earth may be 
eafily calculated j or it may be drawn upon paper 

y^i. IV.' s Nw\t\w 
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with confiderable accuraqr, by taking the propor- 
tional dimenfions from a fcalc of equal parts. Now 
from fuch computations made at different fituatbns 
of the moon with ^cfpeft to diftance, it appears 
that, when the moon is at its greateft diftance 
from the earth (that diftance varying from 56 
to 64 Icmidiametefs of the earth) the apex of 
the conical fhadow CDG does not reach the earth, 
as is Ihewn in fig. 3, Plate ,XXIX.; but the 
penumbra EF only falls upon the furface of the 
• earth ; therefore the eclipfe will be partial all over 
the fpace EF ; but with this difiercnce, that whilftat 
one place within EF, the inhabitants lofe fight of 
one part of the fun, at another place the inhabitants 
lofe fight of fome other part of that luminary, as 
may be eafily conceived by infpedting the figure. 
Thofe who happen to be at the centre H of the pe- 
numbra, will lofe fight of the middlemoft part kk pf 
the fun, and a ring of light all round the moon, or 
only the circular edge of the fun will at that time be 
feen. The eclipfe is then faid to be annular. 

So far we have defcribed the various phenomena 
as if at the time of an eclipfe the fun, the moon, 
and the earth, renVained in the fame line for any 
length of time j but fince that is not the cafe, and 
fince the proper motion of the moon, is much 
quicker than that of the fun, therefore the following 
particulars neceffarily take place. 

The eclipfe of the fun alv ays begins fomewhere 
on the weftern half of the fjn's difc, and ends at 
the eaftcrn ,- for the moon moves in that dircftion 5 

and 



and fo docs the fhadow move upon die furface of 
the earth; fo that thofe parts of the earth which ar^ 
more weft ward, will fee the eclipfe (boner than thofc 
which are nnorc eaftward. Since , the fhadow of the 
moon^ and even the penumbra^ is at all times niuch 
fmaller than the half of the carth*s furface, the fame 
eclipfe of the fun can never be feen by a whole 
hcmiffAerical furface of the earth 5 and according as 
the different places on that furface are lefs or more 
diftant from the line, which paffes through the centres 
of the fun and of the moon, fo the inhabitants of 
thofe places fee the eclipfe either partial or central, 
or not at all 5 and the particular quantities of thofe 
appearances, or the digits eclipfed, may be deter- 
mined by computation, from the knowledge of the 
diameters of the fun and moon, their diftances, the 
diftance of the moon's node from the conjunftion, 
and the particular fituarion of the place on the fur- 
face of the earth. With refpeft to the time when 
an eclipfe of the fun is to take place, for it doesnot 
take place at every new moon, the calculation may 
be conduflcd in a manner fimilar to that ufed for 
the eclipfes of the moon 5 the , pariiculars that are 
principally requifite, and which muft be extradled 
from the aftronomical tables, are the true time of 
the conjundion ; the longitudes both of the fun and 
of the moon ;,the latitude of the moon, with its ho'ri- 
zontal parallax, and its horary motion i the apparent 
diameters of the fun and the moon \ and the fun's 
horary motion. But with refpeft to the particular 

s , 2 mode 
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jtnode of perfQxming .the nccef&ry calcuUtions, I 
mufl: refer the ingenious reader to the works written 
profeCfedly upon the fcience of aftronomy*; and ihall 
only add a few other particulars^ which-deferve to be 
rcniarked with refpedl to folar eclipfcs. 

*^ The middle of a folar eclipfe will not be at the 
fame time in all places on the fame meridian ; for 
the parallax of longitude will be different in different 
latitudes. The excefs of the apparent diameter 
of the moon above thac of the fun in a total eclipfe, 
is fo fmall, that darkne(s feldom continues more 
than four minutes in the latitude of Loodon. la 
moft folar cclipfes, the moon's difc is covered with 
a faint light, which is attributed to the refleftion of 
the light from the. illuminated part of the earth. In 
total eclipfcs of the fun, the darknels is fometimes 
fo great as to render vifible the planets that arc 
above the horizon, and ftars of the firft and fccond 
magnitude. In fuch eclipfcs the moon's limb is 
fecn furrounded with a ring which appears much 
brighter and whiter near the moon's body than 
at a diftance from it ; this ring in all relpeds re* 
fembles the appearance of an enlightened atmofphere, 
viewed from a diftance i but whether it belongs to 
the moon or the fun, is not entirely decided, though 



* See Flamftead's Method in Sir Jonas Moore's Syftem 
tf Mathematics, Vol. 1. Keill's Agronomical Ledures, 
Fergufon's Aftronomy, Vince's Aftronomy, and Gregory's 
Aftronomy, on the Subjeft of Eclipfcs. 
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it is ^ncrally fuppofed that it belongs to the 
former. 

** With rcfpcft to the number of ecli^fes of both 
luminaries^ it may be obferved^ that there cannot 
be fewer than two, nor more than feven, in one 
year ; the moft ufual nunnber is four^ and it is rai^e 
to have more than fix. The reafon is obvious ; for 
the fun pafies by both the nodes of the moion's; 
orbit but once in a year, unlefs he pafs by one of . 
them in the beginning of the year, in which cafe he 
will pa£i by the fame again a little before the end of 
the year. 

'^ Since the nodet move backwards 1 94^ • every 
year, they would (hift through all the points of the 
ecliptic in 18 years and 225 days;;; and this would 
be the regular period of the return of the eclipfcsi 
if any complete number of lunations were per- 
formed in it, without a fra^ion ; but this is not 
(be cafe. However, in 223 mean lunations, after 
the fun, 'moon, and nodes, have been once in a line 
of conjunftion, they return- fo nearly to the ftmc 
flace again, that the fame node, which was in con-> 
Jundion with the fun and moon at the banning 
of thefe lunations, will be within i^' 12" of the 
line of conjunction, when the la(l of thefe lunations 
is completed ; and in this period there will be a re« 
]g(idar return of eclipfes, till it be repeated about 40 
timest or in about 720 years, when the line of 
the nodes will be 28'X40 from the conjundlion, 
and will, confcqfiently, be beyond thq ecliptic limits; 

s 3 this 
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this is called the Plinian period^ or Caidem faros % it 
contains^ according to Dr. Halley, i8 Julian yearS| 
II*, 7*, 43*, 20'i or, according to Mr. Ffergu- 
fon, 1 8 years, ii*, ^\ 42", 44^ In an interval 
of 557 years, 21^ I8^ 11"*, 51*, in which there 
are exadly 6890 mean lunations, the conjundUon 
or oppofition coincides fo nearly Vith the node, as 
not to be diftant more than ii''. If therefore, to 
the mean time of any folar or lunar eclipfe, we add 
this period, and make the proper allowance for the 
intercolary days, we fhall have the mean time of , 
the return of the fame eclipfe. This period is fo 
very near, that in 6000 years it will vary nq 
more from the truth, than 8 \ nniinutes of a de- 
'greeV* 

After what has been faid above concerning the 
cclipfes of the moon, we need, not fay much with 
refped to the eclipfes of the fatellites of the other 
planets ; for they muft evidently be calculated after 
tlie fame manner, and the calculations muft be 
eftablilhed upon fimilar particulars; as far, how- 
ever, as may be obtained, confidcring^ that our 
knowledge of the irregularities of the movenaents of 
thdfe fatellites is as yet imperfeft, 

" In calculating the times of the eclipfes of jhe 
fatellites of Jupiter, which indeed are, befides the 
moon, the only eclipfes of fatellites that arc no** ' 
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ticed, an allowance proportionate to the diftance 
of the planet from the earth, muft be . made 
on account of the progrcflive motion of light, 
as we have elfewhcre noticed; but befides this 
caufe, it has been obferycd, that when viewed 
by different perfons and through different te- 
lefcopes, the eclipfes of the fatellites of Jupiter do 
not appear to take place exaftly at the fame time ; 
the reafbn of which is, that as the fatellite is pro- 
grcffively or gradually obfcured when it enters the 
(hadow of the planet, and gradually enlightened 
when it emerges from that Ihadow, its difappear- 
ance in the former cafc, and its reappearance ia 
the latter cafe, muft be fcen fooner or later, ac- 
, cording to the goodnefs of the tclefcope and the 
acutenefs of the obfervcr*s fight. This caufe of 
error in obfcrvation, cannot be remedied without 
alccrraining the power of the telefcope, &c. from 
ad:ual experiments, and making a fuitable allow- 
ance. 

The theory of eclipfes is not a fubjeft of ufe- 
leis curiofity $ but feveral effendal advantages are 
derived from it. From the various phenomena of 
the eclipfes of the fun arid moon, we derive a 
confirmation of the figures and fizcs of thofe bo- 
dies, as ^Ifo of the earth. All the eclipfes, par- 
ticularly thofe of the moon, and of the latellite& 
of Jupiter, which happen much more frequently, 
arc of very great ufe for determining the longi- 
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tudes of places on the furface of the cardi. We 
nay laftly add, that the knowledge of eclipies has 
been of great chronolo^cal utilityt as the preciie 
times of fevcral remarkable events have been af- 
xertained by calculating backwards the times of* 
eclipfesy which have been faid in hiftory to 
have accompaniedj preceded^ or followed thofe 
events. 

The occultatioh of the fixed ftars by the moon, 
and their reappearance^ are alfo of great ufe for 
determining the Ipngitudes of places upon the 
furface of the earth. Their difappearance is ib 
fudden;^ that the time of it may be obferved with 
great accuracy. The only difficulty which at- 
tends the fubjeft of occultationsj is, that Ac 
movements of the moon cannot be endrely cal-^ 
culated with all the precifion which might be de^ 
fired; yet it muft be acknowledged, that the 
tables of thofe movements have of late been won- 
derfully correded ; fo that the occultations . as are 
now dated in the nautical alnianack, and elfe- 
where, may be depended upon as being fufEciencly 
ufcful for the purpofe of determining the longi- 
tudes of different places. For inftance, fuppofc 
that the occultation of a certain ftar by the moony 
is, according to calculation, to take place at 11 
o'clock, P. M. Greenwich lime i but being ob- 
ferved from another fituation, and making the nc- 
ccffary allowances, according to the precepts, it be 
6 found 



found to take place ac half paft eleven^ the conclu- 
fion in the laft mentioned (ituacion is 7 f degrees 
eaft of Greenwich s for (by converting the time 
into fpace at the rate of* 15'' per hour), the half 
' hour is equivalent to 7 1 degrees ;. and at a place 
which is 7 i degree^ eaft v«iard of another it mud; 
b^ 1 1 1 o'clock J whoi at the latter it is only 1 1 . 

Thofe ftars whofe ladtude does not exceed 6% 
36', north or Ibuth, may fuffer an occulration from 
the moon> fuch as may be obferved from fome part 
of the furface of the earth ; but their occultations 
may be obierved from all parts of that furface which 
have the moon above the horizon, when their latt- 
tudes dp not exceed 4% 32''*. . 

With rcfpeft to the tranfits of Venus and Mer- 
cury over the difc of the fun, we have elfewhere 
Jhewn that they cannot take place at every con- 
junction, becauie the orbit of Venus makes an 
angle of 3% 23', 35'', and that of Mercury makes 
an angle of )"* with the ecliptic j in confequence of 
which cither of thofe planets cannot be« feen over 
the difc of the fun, unlefs at the time of conjunc- 
tion the planet be fo near its node as that its geo- 
centric latitude be lefs than the apparent {emi- 
diameter of the fun. 



♦ See the method of making the calculation for an oc- 
cultationi in Vince's Aftronomy, op in Gregory's Aftro- 
pomy. 
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The chief oie of the obfenrations of thofe cran. 
fitSi ifvhich do not frequently happen^ efpeciaDy 
tha( of Venule is to determined diftanceof the 
fun from the earth, or its parallax i from which and 
the. well known analogy between the periods and 
the diftances of die planets; the diflances of all 
the planets may be determined, as has already 
been done**. 



^ Fpr the method of calculating tranfits, and adierJMiw 
ticulars relative to thcnii the reader may confult alm^ aoy 
pf the late writers on aftronomy. 
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CHAP. XIV. 



Of THE ASTRONOMrCAL INSTRUMENTS, ANp 

THEIR USE. 



TH E number of aftronomical inftruments 
which have, at various times, been con- 
trived for a variety of aftronomical purpofes j the 
improvements which they have received from time 
tp time, particularly of late years, and in this coun- 
try, would form the contents of a curious hiftory, 
fuch indeed as might be both agreeable and ufeful 
tp fcientific perfons; but fuch an hiftory ^cannot 
be expedited, nor indeed is required iq an elemen- 
tary work like the prefcnt i yet it would be im- 
proper to let the reader remain perfeftly unac- 
quainted with thofc inftruments, by the ufe of 
which moft of the foregoing particulars have been 
determined, or may hereafter be verified. I Ihall 
therefore briefly fubjoin a competent defcription of 
the principal inftruments that are at prefent ufcd by 
aftronomers, and (hall, at the fame time, add very 
little more than the mere definitions of fuch other 
inftruments as are cither not cffentially neccflary, 
pr that are too common to need a defcription. 

The 
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The principal inftruments for a fixed ob(efTii- 
tory> are a large fixed quadrant, or a circular di- 
vided inftrument, chiefly for meafurii^ vertical 
angles \ a tranfic inftrument ; an equacoreal ii^ru- 
ment; a chronometer, or regulator; oneorniore 
powerful telefcopes ; a fixed zenith tekfcopej and a 
night telescope. 

The quadrant J or quarter of a circle^ divided into 
90% and each degree fubdivided into minutes 
or fmaller parcs^ has been made of various fizcs; 
feme of them having a radius even of 8 or 9 or 
more feet in length. When thofe quadrant? do not 
exceed one or two, or at moft three feet ' in radioS) 
they are generally fixed upon their particular ftands, 
which are furniflied with various mechanical contri- 
vances, that are neceflary to place the plane of rfie 
quadrant perpendicular to the horhon, and for all 
the other neceflary adjuftments. But large qua- 
drants are fixed upon a ftrong wall by means of 
proper clamps ; hence they have been commofilf 
called mural quadraftts^ and are fituated in the plane 
of the meridian of the obfervatoxy. \vl either of 
thofe quadrants an index, which reaches from the 
centfe to the edge of the arch, moves round that 
centre,' or round .a ihort axis which paffes throi^h 
that centre, fo as to be moveable with its extremity 
all round that arc, and thus point out on the divi- 
fions of the arch, the angle which it forms with the 
horizon, or with the vertical line, in any given 
Ctuation. This index carries ^ telcfcojpe^ tbroi^l^ 

which 
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nrhich the pbfcrver looks at any particular obj^ft, 
whole altitude he wifhes to determine. 

Fig. 4, Plate XXIX. reprefcnts a pretty fimplc 
conih-udion of a fmall moveable quadrantj and 
fig. 5, reprefents a mural quadrant. Of the qua- 
drant, fig.- 4, CEB, is the arch divided into 90% 
and generally fubdivided into (mailer divifions, fuch 
as half degrees, or third parts of each degree, &c. 
Xhc centre of the arch is at A, and the whole is con- 
ne^led together by means of ftrong metallic bars, as 
is (hewn between the letters ABC in the figure, in the 
centre A, a Ihortaxis is fixed perpendicular to the 
plane of the inftrument, and to the upper part of 
thb axis is-faftened the index AD, which carries the 
(elefcope. This index generally has a fmall laiera} 
projefiion, as at E| upon which -the nonios is marked, 
by which means the minutes or fmaller parts of 
each degree may be difcerned *. The fcrevvT, 
coBQnnonly called the tangent /crew^ with a nut 
that may be fattened to any part of the arch EC, 
fcrtews likcwife into the extremity of the index, 
and is ufefiil for moving the index gently or more 
accurately than by the imiy^iate application of the 
hand to the index itfelf. 

Since the index is fufpended at one end, viz. at 
Kp if the other end D happens to be difengaged 
From the fcrew P, that lower end D of the index 
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• With refped to the nature of the nonius or vernier, 
be page 461 of the fecond volume of tliis worlc 
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-will naturally come down to C, on account o( iti 
own weight, and that of the telefcopc. Now, in 
order to avoid this tendency downwards, an arm 
Y of brafsor iron, is frequently affixed to the upper 
part of the index, which, carries the leaden weight Z, 
fufficient to balance the weight of the index and te- 
kfcope 5 fo that by this means, even when difcn- 
gaged from the fcrew P,. the index will remain in 
any fituation in which it may be left. The whole 
frame ABC is fupported upon a (Irong vertical axis 
FS, the lower part of which turns into the pedcftal 
QK»f, and carries an index Sat, which moves upon the 
divided horizontal circle Qj fixed to the pedcftal. 
This ftrves to fix the plane of the quadrant in anjf 
azimuth that may be required. The lower part of 
the pedeftal has three claws, with a fcrew m in 
each ; by which means the axis FS may be fet truly 
perpendicular. The plummet P^Oy fulpended at A, 

X ferves to (hew when the edge AC of the ihftrument 
is truly perpendicular, or when the firft divifion of 
the arch at C is exaftly in the Vertical which paffes 

' through the centre A of the quadrantal arc iB C. 
The weight I of the plummet generally moves in a 
glafs of water, which is fixed upon the arm GR; 
the objeft of which is to check the vibrations of die 
pendulum ; which otherwife would be eafily moved 
by every breath of air, and would continue to move 
for a confiderable time after. I omit to mention the 
lenfcs or microfcopes that are applied to read off Ac 
divifions atE, and at x^ or to fee the coincidence of the 

. plummet 
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plummet-lkiej with a dot marked upon the arc 
at C^ as matters that need np particular defcrip- 
tiom 

In the eye-tube of the telefcope AD, there are 
certain flender wires, placed in the focus of the 
eye-lens, and perpendicular to the axis of the te- 
lefcope, which enable the obfcrver to diftinguifti 
more accurately when an objeft, that is feen through 
the telefcope, reaches the axis of the telefcope, or 
as it is more 'commonly called, the line of collima- 
tioH, &c. Now when the ftars or planets are ob- 
fcrved at night, thofe wires in the eye*tube cannot 
be feen; therefore, to render them vifibic, an arm 
or wire is fixed occafionally at the end of the te- 
lefcope, which arm holds a fmall piece of ivory or 
card z, fct aflant to the axis of the telefcope j for 
when a lighted candle or lantern is fituated at a little 
diftance, and is directed fo as to ihine upon the 
above-mentioned ivory or card, the refleftion of 
the light from it into the tube of the telefcope will 
enable the obferver to diftinguilh the wires at the 
fame time that he beholds the ccleftial objcft. 

The mural quadrant, fig. 5, Plate XXIX. is a 
larger inftrument like the above, excepting that it 
has no ftand ; and its index is prevented from 
bending on account of its great length, by means of 
metallic bars ^, /, ^, c. This inftrument is firmly 
fixed upon a wall exaftly in the plane of the meri- 
dian of the obfervitory, for which purpofe it has 

^ ' . clamps,- 
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clampsj fcrews^ andother adjuftoieiits. It has like- 
wife a plummet. 

This undoubtedly is the principal inftrunicnl: of 
an bbtervatory ; for by obferviog the times by die 
dock) of the arrivar of any cekftial otged to d^ 
meridian^ the ri^t a(cenfion of that objedt is bad 
knniediately \ atid its declination is (hewn at the 
.£ini6 lime by the index of the quadrant upon the 
divided arch \ deducting the inclination of tbc 
equator, which is given by the latitude once afcer- 
tained of the obfervatory. It is by this means that 
exa£! catalogues of the places of the fixed ftars have 
been made. 

The principal defefts of thofe quadrants are tbc 
change of fhape, which they frequently fuffer from 
die weight and (Ircfs of their own partSj and the 
difficulty of determining the error which Is intro* 
duced amcngd the diviiions of the arch from that 
change of Ihape. , . 

Principally with a view of remedying thofe de- 
feds, the late improved date of mechanics has in- 
troduced whole circles inflead of quadrants; and 
thefe are fixed upon their own particular ftwds, 
quite independent of a wall. The. index, with the 
tclcfcope, of thofe circular inftruments is as loogas 
the diameter of the divided ciccle, and has two 
nonius divifions at its two extremities, which point 
to the like divifions on two oppofite parts' of the 
circle, provided the infl:rument-be exa£ti otherwifc 

by 
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fey their pointing to diffimilar divifions, they in- 
ftantly manifeft the incorreft ftate of the divifions, 
©r the derangement of tjie parts of the inftru- 
ment. 

I fhall not fqbjoin a particular defcription of fuch 
circular inilruments^ firft> becaufe it is not eflfentially 
neceflary for our preient purpofe ; and, fecondly, 
becaufe it would take up more room than we can 
conveniently j^Uow it in this work. A very good 
defcription^ by the Rev. F. WoUafton, of an ex- 
cellent inftrument of this fort made by Mr^ Gary, 
is to be found in the fecond part of the volume of 
the Philofophical Tranfaftions for the year lygj* 

The trdnjit inftrument confifts of a tclefcope of 
any convenient lengthy fixed at right angles to zxy 
horizontal axisj which axis is fupported at its two 
extremities \ and the inftrument is generally fituated, 
fo that the line of coUimation of the telefcppe may 
move in the plane of the meridian. The ufe of this 
inftrument is to obferve the prccife time of the 
celeftial bodies paflage acrofs the meridian of the 
obfervatory. 

Fig. 6, Plate XXIX. exhibits a tranfit inftrument, 
NM is, the telefcopc, in the eye- tube of which 
a fy em of parallel wires, fuch as is reprefented at 
N I is fituated in the focus of the eye-IcDs. F£ is 
the horizontal axisj 'in the middle of which the 
telefcopc is fteadUy fixed \ fo that by moving the 
tclefcope, the axis is forced to turn round its two 
extrep:)ities C and F> which reft in the notches of 

VOL. IV, T W» 
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two thick pieces^ T^ Sj of bell meul, fuch as are 
cJeUneatcd rq)aracel7y aod magnified at N. IL 
and in« Thofe pieces are generally fixed upon 
two pillars^ either of caft iron, or, which il 
better, of Hone, as are (hewn in the figure i and 
they art conftruded fo as to be fgfoepdbk of a 
iifnall motion by means of Aides and fcrewsy 
viz. the piece T backwards and fcMvards, and tbe 
piece S upwards and downwards j by which meani 
ihe axis £F of the inftrument may be fet, and 
caufcd exa(5tly bcxizontaly to move perpendicular to 
the plane of the meridian. In order to verify die 
firfl of thofe requifites, viz« to fee whether theaxis 
is truly horizontal, the long fpirit*-level P Q^is fuf- 
pended upon it by means of the o^tallic branches 
F O, and QJR ; and the fituation of the. bubble in 
it will imtnediately ihew whedier the axis be truly 
horizontal, or which way it inclines, and of couHe 
where it mull be raifed or depreiTed. The other 
requifite, vie. whether the axis be perpendicular to 
the plane of the meridian, or not, may be verified 
by various means, the beft of which is by obfcrvA- 
tions on thofe circumpolar ftars, wliich never go be- 
low the horizon of the ohfervatory. Thus, obfervc 
the times by die clocks when a circumpolar ftar, feen 
through ihc telcfcope N M, crolles the nwridiin 
both above and below the pole ; and if the times^ ^ 
defcribing the eaftern and weftern parts of its drcuit 
are equal, the telefcope vsr then in die plane; of dn 
meridian, coniequendy the axis £F is petpendifio^ 
lar xo that plane i otherwife the notched pieces^ T 
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Md S> which fuppoit the extremities E^ F^ of Ac 
axi$> ;!nuflL be moved accordinglyy or uAtii latftm 
> obfervation it be found chat the above-mentioned 
times of the ftara' feitii^revolutioas be equal*. 

The cylindrk extremity F is perforated, and the 
perforation paflcs thmugh the half of the axis^ and 
reaches the infkle ^^f the teleicdpe s tha,t fide of the 
tekfeope tube) which is exadUy ^cing F) being alfb 
perforated*. Within the faid tube^ and ditt&\y op^ 
pofite to the perforation of the end F) a plane re-^ 
fledxN-, or a fiat piece of ivorf , is fixed> making an 
fingk of 45% with the axis of the teleicope> and 
bavins ^^ ^^^ through it large enough to admit all 
. the rajrs^ paffing from the objed'glafs to the eye-glafi 
of the Qeleic(^. 

When ftars or other Celei^ial obje^ are to be 
ob(erved in the night tichcj a fmall lai^tern Y is feC 
upon a (land juft bef6re the perforation of the ex^ 
tretmity F^ fo aa to throw the light within the axis, 
and upon the (lant refleftor within the tube of the 
lelefcope* whence it is reflected upon the wires in 
the eye-tube M» and renders them vlfible. By 
placing the lantern nearer tso> or farther^ from the 
■ —^ -^^ — . . — ^ — — ^ -. ■ ^. . ^ ... - j.^ . . . -..>... -i- ,. ., ■ _^ .., ■ 

* When the inftrument has been once fo adjufted^ a 
mark may be made upon a houfe> or rock, or poft, ^i (bme 
Aftance from the obfervatorjr, fo that when vievmed through 
die tdefcope^ this MKrk may appear to be in the dire&ion of 
the axie of the telefcope \ by which means tht correA fitua- 
aoa of the ioftrumeot may afterwards be roadily verified* - 

T a , Extremity 
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extremity P, the obfcrvcr may illuminate the 
wires fufficiently for the purpofe^ and not too 
much. . • : 

To the other extremity E, of the axis,' a di- 
vided circle, or fome times a femi-c-ircle, is fixed, 
which turns with the a'xisj the index being fixed 
to the pillar which fiipports the axis. Sometimes 
the fituation of thofe parts is reverfcdj viz. the 
circle is fattened to the pillar, or to the brafs piece 
wiiich fuppk)rts the axis, and the index is fattened 
CO the extremity E of the axi«. The ufe of this 
circle is to place the tekfcope in the dircftion of 
any particular celeftial body, when that body tfoffcs 
the meridian j which inclination is equal to the col- 
latitude of the place, more or Icfs the declination of 
the celeftial body, according as that declination is 
north or fouth. 

The equatorial inftrum^nt is not (o generally to 
be found in aftronomical obfervatories ; yet, when 
prop'erly conftruded, it anfwers fcVeral ufefiil pur- 
'pofes; it ferves almoft intteadof all other inftru- 
mcnts, and faves a good deal of calculation in 
feveral cafes ; hence the portable equatorial in- 
ftruments have frequendy been called portable oh 
fervaiories. 

The principal parts of an equatorial inflxumcnt, 
are an axis fixed in a proper frame> fo as to Hand 
parallel to the axis of the world, and to turn round 
its two extremities^ as if it were the axis of the 
earth upon its two poles. A circle divided into 

degrees. 
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d^greeS) and likewife into 24 <^ual parts or hours, 
with the fubdivifions, frc. is fixed perpendicularly 
to, and about the middle of the axis. Therefore, 
this circle is in the plane of the equator, and it is on 
this account that the inftrument has been called an 
equatcriaL Upon^ the fame or principal axis there 
i^ another circle, ot a fcmi-circle, which moves in 
the plane of the axis^ confequendy perpendicular to 
the equatorial circle. This vertical circle carries 
the telefcope, and is called i^t declinaHon eircU. 
Now if a celeftial body move in the equator, then 
the declinarion circle muft be fet at o* ; viz* the 
telefcbpe is fct parallel to the equatorial circle ; and 
turning the whole inftrument round its principal 
axis, fo far from the meridian as the celeftial body 
in queftioh is from it, you will fee that objeft 
dircftly through the tclcfcopc. But if the given 
body have any declination, visj.if.it be not ex- 
aftly in the equator, then the declination circle with 
the telefcopc muft be fet accordingly, &c. Sudi, 
in (horc, are the principal parts of an equatorial 
inftrument for a fixed obftrvatory, where thofe 
parts are adapted to mafonry work, or toother 
Heady fupports. But. a portable equatorial muft 
have fome other parts, which are neceflary for 
reifying it according to the. latitude of any re- 
quired place, for holding' the whole machine 
fteadilyj &c. ; hence it is fumiflie^ with a ftalnd, 
^n horizontal circle with fpirit Icvids, .&c* . I do 

T 3 . not 
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not attonnpt to ddineate or to dcfcribo aU the 
uTes of an oquatomlf aa «ur limits dp nod adimi: 
ofit. 

Various arrangtimncs of die above-mentioned 
parts' have been adopted by various arttfts ; but tbei 
bed inftruments of the ibrt> both poruble and kf 
a fixed obfervatory> were unqueftiorwUy contrived 
and executed by that great mechanical geniu% the 
kte Mr. JefTe Ramiden^ A l^ort delcripdon 
of his portable equatorisls was ibme years a0> 
puUi&ed by itft^lf« and has been tranicribed iii 
varioiks di&ionarics of arts and fctenees. The 
beft large ioftrumcnt of the kind* as £ur as I 1ibow> 
which was Ukewiie conftru^ed by Ramfden for Sir 
Geoi^e Shuckburgh^ is now in the poi&iTion of the 
fame, who has publiflied a very accurate delcriptioQi 
and a delineation of it in the Bbilofophical. TranA 
adtions for the year 1793. ^ 

Of all the different forts of chronoioeters^ or 
time^keepers^ a penduluni*ck>d<> when properly 
conftru^tedy is undoubtedly capable of the j;reateft 
accuracy ; it being liable to fower caufes of bb-^ 
ftrudion or irregularity 1 therefore fuch machines 
are moft reconunendable for^tn obfcrvatory^ The 
lituation of this clock muft be near the quadiant> 
and near the tranfit inftrument ; fo that the ob- 
ferver> whilft looking^ through the telefoope of any 
of thofe inftrunients^ may hear the beats of the ck>ck 
and count the teconds. 

I need 



I need hardlf obferve with lefpeA to fietercopesi, 
that ^hejr $ft of Tcry great mfe in an obfef vatorf » 
Indeed a telelbope for the fame can never be too 
good or too large ; and it ihould be furniihed widi 
mierdmeters, with different eye^pieoes, &c.9 but 
as, a large inftmment of that fort is not eafily ma^ 
naged, nor is always required, fo there fhould be 
two or three telefcopes of difierent fiaes and dif' 
ferent powers in every obfervatory. With refpea 
to the conilruftion of telefcopes enoiigb has i^een 
faid in the third volume of this work s but I ihall 
only obferve in this place, that one at leaft of 
the teleicopes ought to be fixed upon an atis 
Which may move parallel to the axis of the earth ; 
for in this conftnfftian the celeftial bodies mayi 
with the telefcope, be eafily followed in their 
movements, as the hand of the obferver is, in 
that cafe, obliged to move the tdefcope in one di-^ 
ledHon only. 

A pretty good tcrcfcope, placed tfuiy verdcal in 
an dbfervatory, is likewife a very ufeful inftm- 
ment; as the aberration of the ftar$, latitude of 
the f^lace, &c. may be obferved and determined by 
the ufe of fuch an inftrument, with great eafe and 
accuracy. 

The night telefcope is a ftiort telefcope, which 
magnifies very litde ; but it collefts a confiderable 
quantity of Ught, and has a very great field of 
View i it therefore renders vifible feveral dim obje^ls, 
which cannot be difcovcred with telefcopes of con* 

T4 fidcrably 
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fidcrably greater magnifying powers ; and hence it 
is very ufeful for finding out nebulae^ or fmall 
connetSj or to fee the arrangement of a great number 
of ftars in one view. 

The principal inftruments that are at pxefent ufed 
for marine aftronomy, or for the purpofes of navi- 
gation9 . are that incomparably ufeful inftrument 
called Ha^^y^s Jcxtanty or quadrant^ or oSfant; a 
pgrtablc chronometer ; and a pretty good telefcope. 
With tbofe few inftruments, the latitudes, longi- 
tudes, hours of the day or night, and fevcral other 
problems ufeful to navigators, may be accurately 
folvcd. The defcription and the various ufes of 
Hadley's fextant, may be found in all the works on 
navigation of the laft 30 or 40 years, as alfo in all 
the modern dictionaries of arts and fciences.. I 
ihall not fay any thing with refpeft to other inftru- 
ments of lefs efiential ufc; fuch as a zenith feAor, 
an equatorial fedtor, an equai altitude ioftrumenti 
fun-dials, &c.^ 

• With refpeft to fun-dials, I muft not omit to recom- 
mend the ufe of what is called the univerfal ring-dial, to 
thofe gentlemen who,' in travelling, wifh tb fet their watches 
within four or five minutes of common time, for common 
purpofes ; which in moft country places, where even the 
church-clock is much out of the true time, cannot he eafily 
accomplifhcd. The ring-dial when properly conftru^ed, 
and from four to fix inches in diameter, is eafily uf(^d in any 
part of the world j is a cheap, very portable, and durable in- 
flrument 5 and, when the fun (hines, it Qiews the time of the 
day within lefs than'five minutes; allowing for the equation 

of time, which is ftated in almoft every almanack. 

Under 
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Under the title of aftronomical machines, fomc 
writers do alfo reckon orreries, planctariunns, globes, 
machines for (hewing eclipfes qt -tranfits, &c. but 
thofe only ferve t6 illuftrate the theory of aftronomy, 
and as fuch they are undoubtedly of ufe in a ledlurc 

r 

roonn, or to inftrudt novices. For this purpofe I 
would give the preference to a pair of globes j for 
thcfe ate neither very expenfive, nor eafily put out 
of order ; *and are, at the fame time, ufeful for the 
folution of a great many problems, as will ht (hewn 
in the next chapter. 

An orrery is a very fit machine to fliew the lyftcm 
of the world, and fome of them have been made at 
an enormous expence, with a great complication of 
wheels and bthir parts, by which means they have 
imitated the principal movements of the ccleftid 
bodies ; but even the bcft of them fall very fhort of 
real accuracy ; and of courfe they are quite unfit for 
the purpofcs of calculating the future fituations <^ 
the cclcftial bodies. With refpeS: to the defcrip- 
tion of orreries, planetariums, &c. I muft refer the 
reader to th€ works of other authors, efpccially to 
Fergufon's Aftronomy, and to his Lectures i as alfii 
lo the various trafts of Benjamin Martin. 
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CHAP. XV. 



THX USE or THE GLOBES, ANP TttB SOL^UTIOV 07 
VARIOUS ASTROKOMICAL PROBLEMS. 



TWO globes, one to reprefent jhc cele^ 
fphere, and the other to reprefent the fur6ce 
of the earth, are commonly noade lor the purpoie of 
inftru^ling ftudents in aftronomy and geography^ 
They are made of various (izesj and have> been va» 
lioufly mounted in frames furniihed with magnetic 
needles, and a variety of extra pieces, intended by 
the workmen to anfwer^ different purpofes. Thofc 
which are delineated in fig. 7 & 8, Plate XXIX. ar& 

, of the moft ufual fornii> and fuch a$ are quite fuffi* 
cient fer ihe purpofe of illuftration, and for the ib« 
hitionof the problems which may be expe6ted to be 
iblved by means of the globes* And here I muft 

, once more requeft the reader to recoUeft that the 
circles, poles, &c. which are either delineated uponi 
or annexed to the frames of thofe globes, are by no 
means exifting in> nature; but they are ideal circles, 
or lines., or points, or zones, which are of ufe only 
for cxprefling our ideas, or meafures, &c. On the 
real globe of the earth there is only the diftindion 

of 
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* land and water. In die heavens we perceive the 
Illy the moon, die fixed ftarsi the planets, 4nd 
3w and then a comet ; which bodies are undoqbt* 
ily at different diftances from us} but finCe to 
Dmmon fight they appear to be all equally diftant;, 
lerefore they are delineated upon the furface of 4 
lobe; and) if conveniency would allow it, they 
light to be delineated on a concavp fpherical 
Lirfacc. 

With refpeO: to the aftronomical problems^ whidi 
null be folvcd by calculation, or by the ufc of in- 
Iruments, I (hall add in the note a few of them only 
bat are of more common ufe and lefs operofe. It 
rould be impra&icable to infert a complete col- 
e£kion of fuch problems in this work, and the 
eader, who is defirous of going deeper into the 
cience of aftronomy, ^ will find abundance of them 
n the works written profcfledly upon that fcitncCt 
uch as Dc la Lande*s, De la Caille^s, Yincc^s, Gre- 
gory's, and others (i). 

The 



(l.) I. Tojmdtbe Meridian of the Plact of Obfervati§n^ 

or to draw a Meridian Line. 

A line drawn from the floor of a room or clfc where, and 
the plane of the meridian, fo that the r^s of the fiui 
coming along the edge of a wind6w, or through, a bole in 
he ad^ioing wall perpendicularly above cme end of the line^ 

■ 

Hay be upon that Ihie whenever the fun is in. the meridian 
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. The ftands, with the frames which fupport ii 
globes, are fo fimple, and fo evident in the figuic^' 

as 



at noon, is of great ufc for re£tifying a gIobe> for fituating 
a BKyveable quadrant in certain cafes, for regulating a com* 
mon watch, &c. 

The eafieft method of delineating it is as follows: Or. 
an horizontal plane defcribe three or four concentric cirdes; 
and placing a convenient ftand near tliofe circles, )et a ptuffl* 
met, as BQ, fig. 9, Plate XXIX. confining of a thread, with 
a leaden {hot at its lower extremity, be fufpended from a pro- 
jection AB of the (aid ftand, fo that its lower extremity C may 
l)e juft over, but pot touch, the common centre of the drdes. 
A knot muft be made fomewhere, as at K, in the threid cf 
this pendulum. When the fun fliines in the morning, ob« 
ferve where the ihadow of the knot K touches one of the 
circles, as for inftance at D, ^d draw the line DC, vis*. 
(-om (he centre C to the mark D. After this time, the 
Ihadow of the knot will be found to fall within the cirde 
until a certain time, after which, viz. in the aftei-noon, it will 
again approach that circle. Now when you find thatthe 
laid fhadaw falls upon, the fame circle, as at F, mark 
that p^ace, arid draw another line CF from the centre C to 
it. Laftly, bifedt the angle DCF, and the line of divilion 
C£ is the meridian hne, or line in the plane of the meridiai 
©f the place J for the pro)e£Hon of the (faadow of CK upon 
&e horizontal plane, is longer or fliorter, according to the 
various elevations of the fun ; confequently it muft be 
equally long when the fun is at equal altitudes, viz» equally 
diftant from the meridian. Therefore the middle fituatioo 
CE between the two fituations DC, FC,. muft be the 
true meridian line. This operation proceeds upon the fup- 

pofitioA 
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&$ to require no particular defcription. Each of 
thole flands fupports, and is firni4y fixed to, the 

broad 



pofition that the fun is equally high above the horizon, at 
equal times fromnoorij' whl<:h is not exa^Iy the cafe, be^ 
caufe the fun is continually changing its declination ; yet 
Aat change is not fo .great as to occafion any fenfible error 
in the above-mentioned operation. The beft time of the 
year for drawing a meridian line is about Midfumraer ; die 
daily or hourly change of the fun's declination at that time, 
t>eing very little. 

When a meridian line has thus been drawn, another me- 
ridian line, in a more convenient fituation near thefamoplace, 
may be eadly drawn. Thus fufpend a thread and plummet 
jttft over the fouth end of the knov/n meridian line, and fuf- 
pend another plummet over the fouth end of the intended 
meridian line. When the fun feines, let an obfervcr give 
notice when the {hadow of the firfl mentioned plummet iine 
fails exadly upon the known mei:idian line, and at the (ame 
inftant let another perfon mark two points in the (hadow of 
die fecond pendulum, viz. upon the plane where that 
other (hadow is projected. Then a line drawn through thofe 
two marked points, \% the other meridian line fought. A 
meridian line thus drawn, may be corredled by repeating the 
above-mentioned operation at other opportunities. 

II. To find the Latitude of the Place of Obfervattori'i and coH" 
fequently the Elevation of the Pole for that Place. 

* By means of a quadrant, find the fun's apparent meridional 
altfbude ; viz. the greateft altitude above the horizon that the 
Ion does reach on the day of obfervation } and in oider to 

deduce 



broad circular piece HA, which rcprcltnta^ the ho* 
rizoD* Mm is a brafs circle, which fits two notcki 
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deduce the true altitude from this> which is the appamit d* 
titude, you mufi apply the following corrections^ vis. ift, li 
jou have obferved the altitude of the fun's upper or lower 
Kaib, you muft accordingly add or fubtrad the (emi-diam^ 
of the fun's dife (which is given in the nautical almaarfc 
h^v every day) 'fo as to have the altitude of the fun's centre. 
2dly, Subtra<St the refrafSlton correfpondent to the obierve4 
altitude; and> 3d]y, add the fun's parallax in altitude (Whid 
particulars are to be had from the nautical almanacki sixl 
from the tables requifite to be ufed with it, from which 
ibme of the following problems are taken }) ^d the refiiltii 
the correal meridional altitude of the fun's centre. SuibtniA . 
this corre&ed altitude from 90% and the remainder is the 
true diftance of the fun's centre from the zenith 1 which is 
to be called north or fouth, according as the eenith of the 
place is north or fouth of the fun's centre* Take the fun's 
declination for the day of obfervationi out of the >almanacky 
obferving if it be north or fouth declination* Then if thq 
zenith diftance and the declination be both north or both 
fouth, add them together; but if one be north^ and the other 
Ibuth, fubtnuSl the lefs from the greater; ahd-the fum in the 
->firft cafe, or the difference in the fecond irafe, is the latitude 
of the place, of the fame name with the greater, viz. north 

or foutb* 

In corre£iing the apparent or obferved altitude, fotne odier 
corre£^ion is fometimes neceflary to be applied, which muft 
be derived from the nature of the inftrument with which the 
altitude is taken ; for inftance, if the obfervation be nade 
with an Hadlej^'s fextant> and an artificial hotrizon^ you muft 

take 
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anade in the horizon H b. It is fixed perpendicu- 
larly co it,,and vmj be nioved verdcaB)^ fb diat any 

part 






take the half of the angle which is fubtended at the eye by the 
Rm and by its refleStd image. If you obferve the altitude at 
feaj and make ufe, accordii^ to cuftom, of the apparent ho* 
rieon or boundary of the fea, you muft fubtra^l what is called 
Ihe dip of the horizon (the quantity of which is found in the 
table requiAte to be ufed with the nautical almanack} ; for 
according as the deck of the (hip is more or lefs elevated 
above the furface of the fea, fo the horizod appears to be 
iDore or lefs deprelTed. 

Example. On the 13th of Auguft 1802, the obferved me- 
ridional altitude of the fun*s upper limb was 53* 54' i'* 
The fun's femi-diameter, which muft be 

fubtrafted -• - - - €>• 15' si'' 

53« 38' lo'' 
The rcfraSion, which muft be fubtra^ed ©• o' 43'' 

sr 37' ^T 

The parallax in altitude, which muft be 

added * * * - -. o* o' 6^ 

tdd the fum, yxt,. $y 37' 33", is the corrected elevation, 
which bring fubtra£ted from 90^, leaves die north zenith 
diftance equal to • - . ^ 36* 22' 27" 
The declination, which, being likewife 

north, muft be added - - - ^4* 33' i^'" 

tad their fum is the north latitude of the 

place of obfervation, via. - * - So^ 55' 37" 

III. Tf 
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prt of it niay be placed above the horia;on ; bo6 
balf always remaining below the horizon. The 
globe is furniftied with an axis,, the extrennities of 
which, or poles/ N> S, pafs through two fockcts, 
or holes, made in the brafs circle M m 5 and as ibc 
gtobe may be turned round that axis, and of courle 
mij part of its furface may be fituated under the 

brafs 



. IIL To find the Latitude of the Plact from the ohfervti 

meridional Altitude of a fixed Star* 

TTie meridional or greateft altitude of a ftar above the 
true horizon, is to be bbferved in the fame manner as the 
altitude of the fun j but as the fixed Tbrs have no apparent 
diameter, nor any fenfible parallax, therefore the only cor- 
re6lion that can be applied to the apparent, in order to ob- 
tain the correded altitude, is the effedt of refraction. Theft 
proceed as has been faid in the preceding problem, viz. fub- 
traft the corrected altitude from 90**, arid the remainder is 
the zenith diftance, which is north or fouth, according as 
the zenith is to the jiorth or to the fouth of the ftar at the 
tmie of obfervation* Take the ftar*s declination out of the 
tables requifite,&c. obferving whether it be north or fouth. 
' Then if the zenith diftance ^nd declination be both north or 
both fouth, add them together ; but if one be north, and the 
other fouth, fubtradl the lefs from the greater, and the fumor 
difference \fi\\ be the latitude of the place of obfervation. 

Example. The meridional altitude of the Ihir Procyon 
was obfcrved at fea v/ith an Hadley's fextant, and it appeared 
to be 77* 27' 15", the Zenith of the place being fouth of 

the 



I ' 



and the Soluf ion if Problems. (^89 

brafs circle JVI m ; therefore this circle is called the 
.univeffal meridiany or. tbe brazen tn^dian, in cjjftinc- 
tion from the meridians which are delfncatcd on xhe 

furface 



the ftar, and the height of the obferver*s eye being 22 feet 

above the furface of the (au What was the latitude ? 

■ ' •' • • • * 

.Apparent meridional altitude of Procyon « 77* 27' 15" 

For the dip of the horizon, correfpondent to 

22 feet of the obferver's altitude, fubtra<!i 0° 4' 28" 

s^nd there- remains - - - 77** 22' 47'' 

Refraction, wbich^ mufl; be fubtraiSted - 0® c 13'' 

• ■ 

^d there remains the true altitude of Pro- 

cyon - - \- , - =: 770 22' 34" 

lyhich being fubtraSed from 90% leaves the 
^ true foi^th zenith diftance of Procyon =: 1 2« 37' 26'' 
The declination of Procyon, which being 

north, muft be fubtradled • - 5* 46^ 39'' 

and the remainder, viz. 6® 50^ 47", is the latitude fouth 
of the (hig at the moment of talcipg the fiar'^ meridional 
altitude. 

IV. To^ find the apparent Tinu by means of celeflial 

ObfervationSn 

This ^fefol problem may be folved various ways, of which 
liQwever I (hall fubjpin fuch only as are lefs operofe. ' 

. With a fixed, in^ument, fuch as a quadrant or atranfit-in- 
firument duly fituaj<e4 in the plane of the, meridian, the exadl 
time of apparent. noop may be readily afcertained ; for you 
need only ohferv^ when the centre, of the fun is exa£Uy in 
die axis of the j^fcppe. Alfo other times of the day, or of 

i TOL. 17. ^ the 
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furfacc of Ac globe itfclf, and which arc the mcri-' 
duns of thofc places only over which they art 
drawn, . 

^ The 



the nighty may be afcertaincfd by obierving the. meridian paf- 
iage of fome fixed ftar or planet, whofe diftance from the fim 

* ' ' ' 

is known. 
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Though to obferve the arrival of the (un's centre to the 
axis of the'telefcope may at firft fight appear to be an opera- 
tion Sufficiently Ample ; yet as the pradlitioner will pro* 
bably meet with fome difficulty, I ihall add the following' 
diredions : 

In the eye-tabes of the t^elefcopes of quadrants, circular . 
inflruments and tranfits, there always are certain perpendi 
cular and parallel wires (generally five), by means of wl^cb 
the time of the approach of the fun's limb may be accurately 
obferved ;. whence the time of the fun's centre Being iit the 
meridian may be^ determined. This time mufft be efliinated 
by means of a clock or chronometer'; or, in other wo1^% 
the obferver is to find what hour, minute, fecond, and part 
of a fecond, is fhewn by the clock when the fun's centit is 
upon the meridian; then, by applymg the equation of time 
for that day, in which the obfervation is made, he will afcer- 
tain whether the clock is right, or how much it deviates from 
mean lime. In order to make the obfervation, fet the it* 
lefcope of the tranfit-inflrument to the proper altitude, viz 
the altitude which the fun muft have at noon on thatda)^fl. 
and which is had by taking the fum or difference of the co- 1. 
latitude of the place and the fun's declination for thatda/ij 
according as they are of the fame or of different denomina- 
tion. Then a feiy joainutes before noon apply your e^ 

(drfcfldrf *^ 
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The brazen meridian, being of a confiderablc 
thicknefs, cannot reprefcnt a real ir^ridian, which 
is not more than a line s therefore one furface or 

one 



{[defended by a dark glafs) to the telefcope, and wait till you 
fee the firft limb of the fun enter it; which will be appa- 
rently on the weft fide, becaufe thofe telefcopes, being of the 
aftronomical kind, invert the objefls. When this happens, 
let your affiftant attend to the watch ; and, when the firft 
limb of the fun touches the firft wire, bid him mark the fe- 
cond and part of a fecond, which is fhewn by the watch ; 
and which muft be fet down in the firft column €{f a paper 
that contains five columns, ready ruled for the purpofe. He 
muft then prefix the minute, and attend again to the watch. 
When the fun's firft limb arrives at the fecond wire, bid him 
again to mark the fecond, &c. which muft be fet down in 
the fecond column of the paper, and after having prefixed the 
minute, he^muft attend again to the watch. . And in this 
manner the times, when the fun's firft limb arrives at every. 

.one of the wires, muft be obferved and noted down in its 
proper column. The times when the fecond limb arrives 
at each of the five wires muft be obferved in the fame man- 
ner, and written in the proper columns under thofe of the 
firft. If the wires in the focus of the tqlefcope be fo dif- 
pofed, that there is not time to obferve the firft limb at all 
the five wires, before the fecond limb arrives at the fiirft 
wire, the. obfervation of the firft limb at the fifth wire muft 

^ be omitted ; and, in this cafe, the obfervation of the fecond 
limb at the firft wire may be omitted alfo, as it will be of 
IK> ufe. 

The mean of the times, when the two limbs of the fun 
\^re at the middle wire> will be the time of apparent ngon 

u 2 by 
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one fide only of it muft be corifidcred as the men* 
dian ^ and, in fad> the holes for the extremities of 
the axis are not made in the middle of the thtcknefi 

of 



by the watch ; and if the wires are equi-diftant (as tfaej 
ought to be), the mean of the two times,, when the iirft limb 
was at the firft wire, and the latter limb at the iifch wire, will 
alfo be the time of noon. Alio the miean of the two timeS) 
when the firft limb wai at the fecond wire, and when the 
latter limb was at the fourth wire, will be the time of noon. 
Likewife the mean of the time» when the iidi limb was at 
the fourth wire, and the latter limb was at the fecond wire, 
will be the time of noon. If the frril limb was obferved at 
the laft wire, and the latter limb at the firft, the mean of thefe 
two obfervations will alfo be the time of apparent noon : and 
the mean of all thefe refults, if they differ as they moft likely 
will, is the time of apparent noon by the watch. This done, 
take the equation of time for the day of obfervationfrom the 
almanack, and add or fubtra6l it, according as is mentioned 
in the almanack, to the above-mentioned noon time, and the 
difference of the refult from the 12 o''clock hour is the 
acceleration or retardation of the watch. Thus, if by the 
obfervation of the tranfit the apparent noon be at la^ 3' by 
the watch, and the equation to be fubtracEtcd is 2'' 30'!', you 
muft fubtradl 2' 30" from 12^ 3', and the remainder is il^ 
©' 30'', which (hews that the watch is 30" too faft. 

The above-'Sefcribed obfervation may be performed by a 
fingle perfon without any afTiftant, provided he has a clock 
fo near the inftrument as to hear the beats of its pendulum, 
and count the fcconds whilft he is looking through the te- 
lefcope 5 for he will have quite time. enough to mark down 
tshe times of the fun's approach to the different wires. 

5 A fecond 



and the Solution of Proikms. ^^^ 

^f the circle Mm, but by. means of two projcdbions 
of brafs, they are made fo as to be even with the 
above-mentioned furface. This fame furface of thj5 

brafs 



A fecond njethod of finding the time of the day when the 
latitude and longitude of the place of obfervajtion, the fun's 
declination at noon, and its altitude as taken by a quadranty 
at any time, are known, is as follows: 

Correal the obferved altitude for the effefls of refraSion 
and femidiameter of the fun (according as the altitude of its 
upper or lower limb has been obferved), fubtra6l the natural 
fine of the corre£ted altitude from the natural fine of the 
meridian altitude (the meridian altitude of the fun is th6 
fum or the- difference of the colatitude of the place and the 
fiin*s declination, according as they are of the fame or of 
different denomination); find the logarithm^of the remainder, 
to which add the logarithmic fecant of the latitude of the 
place, and the logarithmic fecant of the fun*s declination ; 
their fum, rejeSing 20 from the index, muff be fought for in 
table XVI. of the table fequifite to be ufed with the ixauti'* 
cal almanack, under logarithmic rifing, and the time cor* 
refponding to it, is the apparent time from the neareft noon^ 
when the fun's altitude was obferved; confequently, if the 
oBfervation be made in the forenoon, the time, thus found, 
muft be taken from 24 hours, and the remainder will be 
the apparent time from the noon of the preceding day, 

/ 

Example. On the 5th of March 1780, in the afternoon, 
in latitude .i6<> 24' north, and longitude 1385 eafi, the al* 
bitude of the fun's lower limb was obferved to be 47^ 8' 
i^'*'^ What was the apparent time when the obfervatioa . 
^a^m^de? ■ .. ^ ■ 






i94 J*^^ ^^ (f the Globes, 

brafsdrclc, Mm, is divided into four quadrants of 
go"" each j two of which are reckoned from M, viz. 
fronn the middle, or where the equator cuts the mc- 

tidiani 



The fun's obferved ahitude - - 47® 8' 44" 

Refraaipn to be fubtradled • -^ ©• o' 5^^ 



AT 7 SI 



The fun*s femidiameter to be added ^ . o^ 16' 



'/ 



w 



The true altitude of the fun - - 47** 24' 0" 

Now with refpe£t to the declination, it mu(l be reiparkej 
that in the nautical almanack, the declination is given only 
for the noon of each day at the meridian of Greenwich , but 
as the fun's declination is altering continually, therefore the 
declination, as given in the alman4ck, muft be altered ac- 
cording to the longityde of the place of obfervation, and the 
fime of the day nearly. In order to facilitate this reduftion 
jof the declination, a table, viz. table VI, is given in the 
tables requifite, &c. by me^ns of which the 4eclination, as 
given in the nautical almanack for noon at Greenwich, may 
be reduced to the declination for any tio^e under any odier 
meridian. 

. from this table, the declination for the meridian of the 
place of obfervation, and for the timp of making the obferva- 
tion (which was cfteemed to be nearly 2f P. M.) wa? 
fouth 5° 48' 7''. 

Now, as the decUnation is fouth, and the colatitude 
north, the leffer muft be fubtrad^d from ^he greater, viz. 

73* 36' 
50 48' 



m 



gnd you have the meridi9n^I altitude - r 67" 48' 

The 
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lidian^ towards each pole ; the other two quadrants 
arc reckoned from the poles towards the other in- 
terfeftion tn^ with the equator. When the globe is 

reftificd 



The natural fine of the meridional altitude, viz. 6f t^ 48' 
is . . • . , - . 92587 

from which fubtradi the natural fine of the correft 

altitude, viz. - . - - - ' ' 73610 



add the remainder is «• - '- - • 1^977 

whofe logarithm is ^ - - « .. 4^27823 
to which add the logarithmic fecant of the 

declination - - - - «- - 10,00223 

and the logarithmic fecant of the ladtude - 10,01804 

24,29850 
Reje£l 20 from the index of the fum, ^nd the remainder, 
yxi. 4929850, muft be fought for in table XVL of the re- 
quifite tables, under the column of logarithms rifing, and 
q^gainft it you will find the correipondent time, which is the 
time of making the obfervation, viz. 2^ 27' 2". 



. \ 



V. Having the Latitude of the Place of Ohfervation^ t$ 

find its Longitude* 

' It has] been mentioned in the preceding chapters of this 
rolume, that the longitude of one place from another may be 
ilcertained by various methods. Thofe methods may be ' 
reduced to four, viz. it may be aicertained, ift, by obferving 
the time of an eclipfc; of a (atellite of Jupiter ; but this can 

I 

only be done on land, when fuch eclipfes take place, and the 
Weather is fufficiently clear ; 2dly, by obfervations made at 
the time of an eclipfe of the fun or of the moon ^ 3dly^ by 

u 4 means 



%^iS "fbeUjeofthe'GMes, 

rcftified for experiment, this divided fide is ufually 
turned towards the eafl:, and the north pole, N, to- 
wardi the real north. 

The 






means of a time- keeper or chronometer ; and 4thly, by lunar 
obfervations,'viz. by obferving the diftancc of the moon frooi. 
.the fun or from fpme fixed fl^ \ which two laft methods inay 
be ufed almoft at all times. 

Refpedling the firft and fecond method, enough bafrbeea 
faid in the preceding chapters. With refpe^ to the fourth, 
which is the mbft diffici^lt and operofe, Tmuft refer the reader 
Ut) the modern aftronomical works, and eipecially to the tables 
lie^qifite to be ufed with the nautical ^manaci^ Where be 
win find the lunar method clearly and corredly defcribedj 
wbilft I (hall only brieflv-defcribc the tljird method, viz. by 
the ufe of a time-keeper. 

" If a chronQtiietei: or time-keepei:' be regulkted to keep 
mean time exaftly, and be fet to the-mean time at the rtc- 
ridian of one of the two places, whofe difference of lon^tfl(W 
is required ; for inftance, be fet to mean tim^ at the metidlirf 
of Greenwich obfervatory. It is evident that fuch a chro-* 
nometer will continue to fli'evi^ the mean time at that me- 
ridian as long as it continues ito go at the fame rate, what- 
ever place it may be carried to ; confequently, if a watch fo 
regulated, be kept on board a (hip, it will always fliew di9 
-mean time at the firft rneridian. Hence, if the mean time 
be found in the fliip, under anj^ other m^ridiap, by thcprc^ 
cedirtg prbblem, the difference between it and the|tme (heWH 
.by the chronometer, when the fun's altitudp was obfervtd, 
being turned irtto degrees^nd minu!tes,at.the rate of 15' to 
an hx)tif, will be the longitude of the pladb wbei^i? the fuo's 
a!tittrde was obferved.'* 

w 
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The horizon H b^ which is generally of wood 
covered with paper, has its upper fide- divided 
with ftveral circles j the innermoft of which- 
is divided into 360**; then come the twelve figns 
of the zodiac, dlftinguiQied by then- names and' 
charafters, and * each fign is divided into 30*, 

• It is not, however, abfolutely necefl&ry that the chrono- 
meter fbould either be fet precifely to- m^n time at the firft 
meridiap, or be regulated to keep exactly meap time; both 
of which might, perhaps, be difficult, or, at leaft, tedious 
to effecSt. The only thing which is abfolutely requiflte in % 
watch, to render it equal to the talk joP finding the iDngitude, 
is, that* it will go uniformly at fome known rate ; for in- 
ftance, that it will accelerate or retard its going by affccond 
rtr two^ or mdre, every day'; which acceleration or retarda* 
tioa is conimonly called the rate if tht watchy and being 
knoWn, the mean time at the firft obfervatory may be 
known by. the chronometer, as well as if that machine 
(hewed that mean time exactly. Thus» if the watch acce* 
lerates 10'' each day, three days after the fetting of the 
chronometer, I know that the noon at the meridian, where 
the chronomi^er was fet, is when' that machine^ fliews 12^ 
ind3fo^ 

Th6 few problems whidiare given in this note, arc in- 

Intended merely to give the ftudehtan idea of fuch operations. 

If b^ wiQies to proceed &rther in the fcience of pra£Ucal 

^ronomyy be is referred to the recent works written pro- . 

MIedly On tl^e fbience, and which have been frequently 

Quoted ia the preceding pages of this volume. -'A complete 

(et of gU the neceiTary aftronopiical problems, together with 

Aeir demcsni^rations and^ examples, being abfolutely incom* 

p^tible witih the limits of this work. 

Next 
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Next to this circle there is the calendar, viz. the 
names of the twelve months with the divifions of 
the days correfpondent with the figns of the zodiac. 
The outermoft circle contains all the points of the 
Gompafs, aj)d the winds as they are denominated by 
the feamen. 

On the meridian and round the north pole N| 
there is a circle C fattened to the meridian. This 
is called the horary circle^ and is divided into twice 
twelve hours j the 1 2th hour at noon "being on the 
upper part of the meridian \ and the 1 2th hour at 
night being on the lower fide of the meridian or 
towards the horizon. The extremity of the axis at 
N projeds a little above the plane of this horarjr 
circle, and carries an index, which turns with the 
globe when the globe is turned round its axis, and 
indicates the hours, or how nnich a given part of the 
fur face of the globe is removed from the meridian } 
lince the time of a whole revolution is divided into 
24 equal parts or hours. 

The index is dipt upon the end of the axis, and 
may be eafily moved j F is a flexible flip of brafs, 
divided into 90% and having a little clamp B, with 
a fcrew at one end, by which nieans it may be 
fattened to the meridian. This mutt be fattened 
always to the tipper or middlemoft part of the me-* 
ridiah, and its lower extremity is flipt in between 
the horizon and the globe, and may be placed in 
any azimuth. This flip of brafs having the 90* 
numbered from the horizon up to the zeaith, fcrve^ 

to 
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to fliew the altitude of an objcfl: on the ftirfacc of 
the globe } and hence it is called the quadrant of 
altitude. 

There frequently is another appendage to the 
globes,' which is called the femicircle offofition. It 
Is a pretty flender wire, whofe extremities are fixed 
to the points of north and fouth on the horizon, fo 
that the wire or femicircle can Be moved freely from 
the fiorizon to the rncridian, and may be raifed to 
any pofition. 

THe principal circles marked upon the furfacea 
of the globes, ^nd which, having already been de- 
fcribed', need only be mentioned, are the following. 
The equator, divided into 360% the numeration 
comnnencing at the vernal interfeftion with the 
ecliptic,* which croffes the equator at the vernal and 
at the autumnal equinoftial points, viz. firfl: degree 
of Aries, and firft degree of Libra. The ecliptic 
is divided into 1 2 equal parts or figns, and each figii 
into jcxJ. • • > 

If on each fide of the ecliptic we add a broad 
fpace of about 3% we have the zodiac, an4 this is 
^ftually 'drawn upon the celeftial globe, with its 
1 1 conftellations. 

The two tropins, viz. that of Cancer being on 
the northern, • ^nd that of Capricorn on the fouthcrn 
fide of the globf . 

Near the' poles are ften the two polar circles, viz. 
^^ norjhi or the arftig polar circle, near the north 
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pole; and the Touch or the antiptrdtic^ near the fouth 
pole* , 

Befides thofe, there are other circles, which how* 
ever a^-e not' commo^, to both the globes. Thus the 
celeftial globe has the two colures.and the circles of 
latitude ; it has alfo the conddlations with the (brs 
ijeprefenced in their proper fituacions and magni- 
Uides. The terreflxial globe has the meridians, the 
f9irallels of latitudet and the rhumbs ; it has alfo t^C 
reprefentations of countries, coafts, iflands^Teas, and 
generally the tracks of the mod renowned circymna- 
vigators. The principal probleoi^ which may be 
folved t^y . means, of the. glob^> arc as . follows ; 

I. A particular place upon the terr^rial^ globe b^g 
^ given^ tQjin4its latUu4e andlongUudf. 

Turn the globe round its. axis, until the given 
place comes juft under the brazen rperidiaa CBM, 
(viz. under the edge of its divided fide, wh/ich fide 
inufl: always be underftood when the, meridian is 
iQcojdoned), and th.e degree of the meridian which 
is jyfl: over the place (meaning the degrees pf the 
two quadrants, which are numbered from the equa- 
tor) is the latitude fought j and it is north or fouth, 
according as it is on the northern or on the fouthern 
iidc of the equator. At the fame time t^he degree of 
the eqmtop, which is juft ynder the bra?en meridian, 
is d)c longitude of the place in queftion. , 

N B. In 
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N. Bv In old ^abes, the-^lbngieude is rcek^ned 
from the ifland of Fcrro, one of the Canary IflMds. 
At prefent the longitude on the globes thar are nriade 
in this country, begins to be reckdned from the me- 
ridian of th^ Royal Obfervatory at Greenwich. 



V. 



II; Tbt latitude and longhuie ofa^aaheing^^en^ U 
find that place m' the terrtftrial glpbe. 

^ * "■ 

This is the reverfe of the preceding problenty 
smd is eaHly fblyed. Find on the equator the known 
degree of longitude, and turn the globe fo as .to 
bring that degree juft under the brafs meridian ; 
then find the degree of the given latitude upon the 
meridian, obferving whether it be north or fouth 
latitude, and exaftly under it you will find the place 
in qucftion. 

HI. To testify the globe for any particular place. 

If the latitude of the place be north, elevate thf 

north ^le as many degrees above the horizon H-b. 

If the latitude be fouth, elevate tht/outb pole ^ove 

thd horizon an equal number of degrees i for ac- 

cording to the lower or higher latitude of any par- 

ticdlar place, fo does the pole appear to be higher or 

lov^rer at that place. The degrees of this elevation 

of chi^ polear^ counted tipon the meridian. Thus 

in the figure, the north pole i^ elevated 5 1 1" above 

the horizon; the globe being re&ified fpr the latitude 

of London. 

Turn 
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Turn the globe till the given place comes to the 
meridian ; and that part of the meridian^ which isjuil: 
over it> ^d Which is 90"* diftant from the horizon on 
either fide^ reprefents the zenich. To this point of 
the meridian the quadrant of altitude mud be faf- 
tened, which ferves to folve certain problems that 
will be dcfcribed hereafter. Laftly, turn ,the whde 
frame of tlie machine, fo ,that the north pole be di- 
refted towards the real north, and of courfe the 
ibuth. fide towards the real fouth. Then the globe 
is (ituated juft as the real earth is fituated with ir- 
fpeft to the giv.en place. In order to place the m- 
ftnunent duly north and fouth, a magnetic needle is 
affixed to fome globes ; but you muft then allow for 
the magnetical variation. 

IV. ^wo flakes being given upon the Jurface of th 
globcy to find their difference of latitude and differ- 
ence of longitude. 

Turn the globe until one of the places comes 
under the brazen meridian, and mark the degree of 
latitude which is juft over it, obferving whether it 
be north or' fouth 5 then turn the globe until the 
other place comes under the meridian, and mark 
likewife the degree of this placets latitude. Now, 
if both thofe latitudes be north, or both fouth, 
their difference is the difference of latitude between 
thetwo places j but if one be fouth and the other north, 
then their fum is the difference of latitude between 
the two places. To find their difference of longitude, 

wheji 
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wh«n one of the places is under the meridian, mark 
the point or degree of the equator, which is at the 
fame time under the equator; then turning the globe 

* 

until the other place comes under the meridian, 
mark likcwife the point of the^equator which is cut 
by the meridian 1 and the number of degrees which 
lie between thofc two marks, is the , difference of 
longitude fought. 

If this number of degrees be turned into time at 
the rate of 1 5** per hour, you will have the differ- 
ence between the apparent time at thofe places ; for 
inftatice, if the difference of longitude be J5% then 
the difference between the apparent times at the two 
places is 2 hours and 20 minutes j fo that when 
it is noon at one of thofe places, it muft be 2 o'clock 
and 20 minutes in the afternoon, or 2 hour^ ahd 
^o minutes before rioon, at the other place, accord- 
ing as the latter is eaftward or weltward of the 
former. But this difference of apparent time may 
be- had like wife by the horary circle Cj for if 
when one of the places is under the meridian, you 
place the index at the i;ith hour on the horary 
circle, and then turn the globe until the other place 
comes under the meridian, you will find the index 
direfted to the proper difference of time. Thus 
in the above-mentioned inftance the index will 
be found dircd^d cither to 9**, .40", or to %\ 
ao~* 
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V^ To find the dlreSt dljiance Between tw$ pveH 

places. . 

The cafieft and general way of performing this 
operation is by' feparating the quadrant of altitude 
' from the meridian, and applying it to the two places 
on the furface of the globe. Then the number- of 
degrees which are (hewn by that quadrant to be 
between the two places, being converted into miles 
at the rate of 69 i miles per degree, will give the 
diftance in miles between th^ two pflaces. Should 
the two places be farther afunder than the quadranc 
can reaph, the operation may be performed by two 
meafurements, viz. make a mark fomewhere be- 
tween the two places, and as nearly as you can in 
their diredion > then apply the quadrant, and take 
,the diftance between one of the places and the rnarki 
and in the fame manner take the diftance between 
' the mark and the other place. Then the fum of thofe 
two diftances is evidently the diftance between the 
two places* 

,VL To find theJurCs place in the ecliptic fear avty ^ivin 

day of the year. 

Find on the wooden horizon Hi&> the giveoday 

of the month, and in the circle of the figns which is 

clofe to it, you will find the degree of the fign cor- 

refpondent to it : now find that degree Qf that fign 

^ on 
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on the ecliptic, which is marked upon the glpbci 
and that is the place of the fun for the given day j 
where you may make a mark, or fix a bit of paper 
by means of a bit of wax, as this will be ufeful iot 
the folution of other problems. 

If you move the globe until the abpve-mentioned 
tnarked place of the fun comes under (he iperidian, 
then the number of degrees -which are found on the 
brazen meridian to be between it and the equator, is 
the declination of the fun for that day, and it is 
north or fouth, according as the marked place is. 
on the northern or on the fbuthern fide of the 
equator. 

If you reftify the globe for any particular place, 
and then turn it until the marked place of the fun 
comes to the meridian, the number of the degrees, 
which are fhcwn by the meridian to be between the 
horizon and that marked place of the fun, is the 
meridian altitude of the fun for that plac^ on the 
given day. 



VII. 31? find the time of fun-rifingy and of fun * 
fettingi at any given place, and for any given da^ 
of the year. 

Find and mai'k the fun's place in the ecliptic for 
the day given (by live pi'eceding problem)* Rec- 
tify the globe for the latitude of the given place 1, 
arid turn the globe fo as to bring the fun*s place 
to the meridian. In this fituation keep the globe , 

VOL. ir. X fteady 



30$. fhe Vje of thg Ghkh 
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fteady, and dtreft the ihdex of the horary circle to 
th(i 12 o'clock houf s then turn the globe iihdi the 
fiipf's J)lace comfcs tb the horizon oil th^ caftdrn fide 
of the rtiafchinCi and the index of the horary Cfrcfe 
will point to the hour and part of the hourj at which 
tlie fun vfriil be' fcen to rift on that d^y from the 
given fllSet^. If ydli turn the globt untU tHe ftei's 
pJacd comes i6 the hcJrizon oh the wefterh fid^ of 
the machine^ theihdfcx of the.hbrarjr circle Ivill 
Ihow the time of fun fetting for the day and pkcc in 
qtieftiofh i whence you have the length of the day, 

« 

VIII. To find lb e beginning and the end of the Iwilighl 

fer at^ place and day given. 

Find the latitude of the place, aHd reftify the 
globe (by problem Ift and 5d) 5 put the index of 
the horary circle to thfc iitb hour, the- fun's place 
being in the meridian j then take the point of the 
ecliptic oppofite to the fun's place, and turn the 
globe weftward, as alfo the quadrant of altitude, till 
the point oppofite to the fun's place cuts the qua- 
drant of altitude in the 1 8° above the horizon. Then 
the index on the horary circle will (hew. the dme 
when twilight begms in the morning. If you take 
the point oppofite to the fun, and bri^ig it to the 
' caftern hemifphere, and turn it until it meets with 
the 1 8th degree on tlie quadrant of altitude, the index 
will fhew when the twilight ends in the evening. 
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IX. f 9^ find the length tftbe longf/i and jharteft day h$ 

any given place* . 

ReSify the globe for the latitude of the place ; 
bring the folfticial point of that hemifphere (viz. 
the firft point of Cancer, if the place have north la- 
titude ; or the firft point of Capricorn, if the place 
have fbuth latitude) to the caftern part of the hori•^. 
zon, fct the index to the 12 o^clock hour at nQon 1 
turn the globe, until the folfticial point comes to the 
weftern fide of the horizon ; and the hours pafled 
over by the index give th6 length of the longcft day 
or night at that place. The complement of which 
time to 24 hours, is the length of the Ihortcft di^f 
gr Ihorteft night, 

X. Tofnd on what day the fun will be vertical at aty 

given place in the torrid zone. 

Find the latitude' of the place on the bfazen itie- 
tidian ; turn the globe, and obfcrve the two points 
of the ecliptic that pafs under the above-mentioned 
degree of the brazen meridian. Then feck Q)r thofe 
points of the ecliptic in the cifcle of the twelve figns 
that are mafked upon the horizon Hh, and againft 
them you will find the days of the month in which 
the fun will be vertical to the given place. 
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XI. -/// any given time to find all ibofe places ef the 
earth where the Jun is then rijing or Jetting^ and 
where it is noon or midnight. 

' Find tKc plaCc where the fun is vertical at the 
given time J reftify the globe for the latitude of 
that place, and bring the place to the meridian. 
Then all thofe places, that are - in the weftern half 
• of the horizon, have the fun rifing, ind thofe which 
are in the eaftcrn half of the horizon, have the fun 
fettingj thofe who are under the meridian above the 
horizon have noon orthe fun culminating^ and thofe 
who are under the meridian below the horizon, 
have midnight i thofe who are above the horizon, 
have day, and thofe who are below it, have night. 

XI L -^ place being given within either of the polar 
circles y to find the time when the Jun begins to bejeerii 
0nd. when it departs from that places alfo how kng 
he will continue, to hefeen^ and hew long be will It 
abfent from that place. 

*■ . • 

" Redify the globe for the latitude of the place ; 
turn it, and obferve what degrees in the firft and 
fecond quadrants of the ecliptic are cut hy the north 
point of the horizon (the latitude of the place being 
fuppofed to he north). Find thofe degrees in the 
circle of the figns on the horizon, and their cor- 

rcfponding 
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rciponding days of the month; and all the time 
between thofe days the fun wfll not fet in that* 
place,'* 

'^ Again, obferve what degree in the third and 
fourth quadrants of the ecliptic will be cut by the 
fouth point of the horizon, and the days anfwering ; 
then the fun will be quite abfent from the given 
place during the intermediate days ; that day in the 
third quadrant (hews when he begins to difappear j' 
and that in the fourth quadrant Ihews when he be* 
gins to fhine in the place propofcd." 

. ■ ■ » - 

XIII. ^be latitude of tbs place, and the da^ of the 
month, being given, to find thefun^s declination, me- 
ridian altitude, right afcenfion, amplitude^ oblique 
afcenfion, qfcenfional difference ; and thence the time 
of riftng and fittings with the length of the day and 
night. 

a < 

« ReAifythe globe for the. latitude of the place, 
Snd noon (viz. bring the place under the meridian)}: 
then the degree of the meridian over the fqn^s place' 
is the declination. The meridian altitude is (hew^ 
by the degree the fun is above the horizon, and is 
equal to the fum or difference of the colatitude and 
declination. The ftin*s right afcepfion is that 
degree of the equator which is under the mcri* 
dian." 
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^ Bring the fun's place to the eaftern part of the 
horizon ; then the amplitude h that die^ree of the 
horis^on which is oppoGte to the fun. The obHquc 
afcenfion is that degree of the equatorr which is cut; 
by the horizon. The afcenfional diH^rence is tke 
diiFerence between the right and oblique afeenQonsr 
The aicehfional diSerenci^ donvert^ inoo time» will 
give the time the fun rifes beibre or ^fter the hour 
of fixj according as bis an^plitude is to th& northward 
or fouthward of the caft point of the horiaion," 

XIV. J'be latitude of the place y day of the months and 
the f mis altitude Jmng givm^ to fad tbi^ azinmtk 
and hour of the ^. 

Reftify, the globe for the. latitude of the place i 
bring that .place under the meridian \ fix the index 
to the 1 2 o'clock hour at noon j and fix the clamp 
of the quacjrant of altitude to the zenith. This done 
turn the gldbe^ and niove the quadrant of altitude 
until the fun's place <roincides with the given altitude 
on the graduated edge of the quadrant; then tha^ 
edge of the quadra.nt will cut the degrees of azi- 
muth on the horizon H h^ reckoned from the 
north \ and at the fame time the index will (hew thf 
hoyr of the day on th^ horary^ circle, 
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3f V^ SrV 4i/p^^ the celeftial glo&e^ Jo as to Jhew f^^ 
aSiuaJ af^^ara^ce of the heavens at any givejitime 
and place. 

R^^aify the celeftial globe for the latitude of the 
place. Take the place of the fun for the given 
time^ and bring it to the meridian j alfo fet the index 
to the twelfth hour on the horary circle j tlien turn 
the globe untilthe' index points to the grveh hour ; 
then the globe will be fituated like the celeftial 
Iphere, and every ftar upon the globe will point to- 
wards the real ftar in the heavens. The ftars which *^ 
are 'in the eaftern half of the horizon, are rifing; 
thofe in the weftern halG are fetting; and thofe which 
arc under the meridian, are culminating. If the 
quadrant of altitude , be fet to any given ftar, it will 
fliew the altitude of that ftar, and its lower extremity 
will (hew the azimuth of that ftar upon the horizon. 
{f you turn the globe quite round, you will ca^fily 
perceive thojfe fl;ars which are within the circle of perr 
petual apparition, as alfo thofe which are within the 
limits of perpetual occultation,viz* thofe. which never 
go below the horizon, and thofe which never riii^ - 
above the horizon, of the given place* 

XVI. ^i? reprefent tbejttmtions of the planets. 

The celeftial globe reprefcnt$ the fixed ftars ; but 
jthe planets, cannctt l;)e delineated upon it, becaufe the 
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latter are always (hifting their places amongfl: the 
former. Therefore, when the planets are to be re- 
prefcnted for any particular time, they muft be 
ftuck on occafionally i viz. little round pieces of 
paper,, each having the mark or'charafter of a 
particular planet on one fide, and a bit of wax 
on the other (the philofophical inftrunient tnakerj 
(ell papers with the chara(^ers of the planets ready 
ftamped for this pqrpofe) are lightly ftuck upop 
the globe in their proper places, which places arc 
given in the cphemeris for every day of the year; 
then if you perform the preceding problem, you 
will have the reprcfentaion of thfs pl^ets in thcif 
proper places^ as well as pf the (lars, 



XVII. To find the latitude and longitude of anf 

given fiar. 

Place one extremity of the quadrant of altitude 
upon one of the poles of the ecliptic, viz. that 
pole which is nearer to the given ftar ; and let its 
graduated • edge fall upon the given ftar. Then 
the number of degrees which the quadrant fhews 
to be between the ecliptic and that ftar, is the lati- 
tude of the fame. The longitude is the degree on 
the ecliptic, which is cut w the fanrie time by (he 
quadrant of altitude, 
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XVIII. To find the right afcenfton and declination if 

a fi^ed ftajr^ 

Move the globe fp as to bring the ftar to the 
meridian ; th^n the degree of the meridian, which 
isjuft over it, is its declination ; and the degree of 
the equator, which is cut by the meridian in tha^ 

Btuation, is its right iafcenfiori, 

•• " ■ . . . 

XIX. To find when a given ftar ri/eSy/etSy or culmi- 
• nates on any given 'place and day of the year. 

Reftify the globe for the latitude of the place, 
bring that place to the meridian, and fet the index to 
the 1 2 o'clock hour at noon. Then n^ove the globe 
until the given ftar coincides with the horizon on 
the eaftern fide, and the index will (hew the time of 
its fifing. If you turn the globe until the fame ftar 
coincides with the horizon on the wcftdrn fide, the 
index will (how the time of its fetting, and if you 
bring the ftar to the meridian, the index will fliew 
the time of its culminating. 

The meridian altitude of the ftar, as alfo its ob- 
lique afcenfion and afcenfional difference, are found 
in the fame manner as for the Xun. See problem 
the ijthf 
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%X. ^0 fitid the apparent angular diftancc hetwem 

two gifQcnftars. 

XAy the quadraojt of altitu4e flain upon the globe^ 
fo that its graduated edge ;nay pafs over the twp 
(Urs I then the number of degrees that appear tq 
|i>e between thofc ftHrS| is the wplar djftwpc 
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C^QNTAINING A FEW UNCONHECTID SUBJECTS, 

\FEW particular fubjefts, ufeful to the ftu- 
dent of natural philofophy, but which could 
3t, with propriety^ be inierted in the preceding 
D|umes> will fornn the contents of the pvefent or 
fth part of this worki which, therefore, will be 
ivided into fedtions that are quite unconneded 
ith, each other. The fubjeft of aeroftation will 
e brieBy treated of in the firft fedion. The nem 
iU contain an abridgment of fads and conjedurea 
^lacive to meteors^ and 'to the fall of ftones from the 
^tnofphere. The third (edion will exhibit a com- 
arifon of weights and mcafurcs. Tlie laft fcdion 
iU contain feveral additional fads, difcoveries', ob* 
Ovations, &c. relative to the different branches of 
atural jAilofophy, which have either been made, 
^^ come to notice, fubfcquent to the printing of the 
acceding j^aits q( tbcfc clcownte, 
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Of aerostation. 



CHAPTER L h 



DISCOVERY OF AEROSTATIC MACHIN2S. 

TH E art of flying, or of imitating the feathered 
tribe, has long been the obje<5t of earned 
defire aaiongft men. The fanciful ideas of poets, 
the tales of amufement> the pretended difcoveries 
of impoftors, and the projefts of mechanicians, re- 
lative to this art, have not been deficient in every 
age, and almoft in every country. Cars, artificial 
birds, wings, and other mechanifms for flyingi 
generally abfurd, and always infuflieient, have fre- 
quently been exhibited to the undiftinguilhing eye 
of the vulgar ; but the ftrideft enquiry into the ac- 
counts of authentic hiftory, finds no mention oi 
any fuccefs having ever attended the attempts of 
this nature previous to the year 1782, The recent 
difcoveries made on the nature aqd properties of 
aerial fluids, by the induftry of Black, 'Prieftley, 

Cavendift, 
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[llaveiidifti, and others, fuggefted, fomc time before 
Jic abpve- mentioned year, the pr^dicability of. 
brming machines fuffjcient to elevate confiderablc 
iveighcs into the regions of the atmofphcre. .Mr. 
Cavendiih was the firft who afcertained the* fpecific 
gravity of hydrogen gas, (then calkfi inflammable 
air) and found it to be a vaft deal* lighter thaa 
common air. His experiments on this fubjed arc 
publiflicd in the Philofophical Tranfaftions for the 
ycaj: 1766. In confequence of this difcpvery, it 
was natural to conclude, that if a large bladder, or 
bag, or envelope, were filled with hydrogen gas, 
and that if the weight of the envelope added to that 
of the contained gas, did not exceed the weight of 
ao equal bulk of common air ; the apparatus would 
mount up into the atmofphere for the fame reafon, 
and in the fame manner as a cork .would rife from 
the bottom towards the furface of the fea, fup- 
pofing the cork were left at liberty in the former, 
place, ' . 

Dr. Black of Edinburgh thought of filling the, 
allantois of a calf with hydrogen gas,, for the puipofc; 
of {hewing at his leiS^ilires that fuch a body woul4 
aicend into the atmofphere j but he never put the 
projeft to the teft of adtual experience. 

Early in the year ^782, 1 made the firft attempts- 
to elevate a bag full of hydrogen gas into the am- 
bient air, and an account of my experiments was 
read at a meeting of the Royal Society on the aotk 
of June 1782. 

The 



The weight of, hydrogen gas, the mean l^ci^ 
oTatmofphericalair, and the weight of the fubftance 
of which the veffel or bag is to be formed, bring 
afcertained> it is eafjr from thofe particulars to de** 
tcrmine by calculario'n, the dimenfions of a vcffil, 
which, when filled with hydrogen gas, might be 
lighter than an equal bullc of common air ; for the 
furi&ces of fimilar bodies are as the fquafes of their 
fimilar fides, or of their diameters, whiift their ra- 
pacities are as the cubeis of thofe fides or diaoie* 
ters ; fo that if the dianrteter of the globe A be 
a feet, its contents will be equal to j cubic feet 
nearly, and its furface will be equal to 6 Iquarc feet 
nearly"; but if we incrcafe the diameter of the ; 
globe, for inflfancc, wd make it 4 feet, then the 
contents or capacity will be 8 tiniies what it was be- 
fore, and its furface will be only 4 times what' it 
was before 5 hence, let the thicknefs or weight of 
the fubftance, which forms the bag, be what it 
may, by increafing the diameter of the globe, one 
may always render it fo that, when filled with hy- 
drogen gas, the weight of the whole may be Ws 
than the weight of an equal bulk of atmofphericJ 

mr. 

Upon thofe principles, and for ih^^ above-mcn-i 
tioned purpofe^ I tried bladders, the thinncft and 
largeil that could be procured. Some of them were 
cleaned with great care, removing from them all 
the fuperflu6us membranes, and other matter that 
could be poflibly fcraped oSi but notwithftanding 
6 aU 
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aU thoie precautioASi I found the largeft and ligbleft 
of thofe {}repared bladders to be ibmewhat too heaver 
for the purpofe; Some fwimming bladders of fifhe* 
i9ttt alfo found too heavy for tlie experiment j nop 
ediild I ever fucceed ^o make any durable light balk 
by blowing hydrogen gas into a thick folution of 
^m$5 thkk varniihesy and oil paint. In ih6rt^ 
£:>ap-ballsj ioflated with hydrogen gas^ were the ohly 

- « 

things of this fort which I could fucceed to elevatfif 
itito the ambient airland thefe> as far as I know, are 
the firfi: fort of air balloons that were ever coii'- 
ftrudted. , - 

iWfter thofe trials I endeavoured to rtiake bags or 
balloons of the fineft fort of China paper^ and to 
inflate^hem with hydrogen gas. ' The fize of thoTe 
bags was fuch> that had it been poflible to fill thein 
with the gas, they muft have undoubtedly afcended 
into the atniefphere ; but I had the mortification ta 
find that though comnion air did not, yet the hydros 
gen gas pa(fcd through the pores of paper exaftly 
like water through a fievc. After a vgtriety of fimi- 
lar trials, being at laft tired with the expence and 
lofs of lal?our; I deferred the profccution of fuch 
experiments to a future opportunity, and contentted 
myfelf with giving an account of my attempt^ to 
the Roj^al Society. 

Not long after this, news was received frotn 
France of the fuccefs which had attended an experi^ 
ment of afimilarnature made at Avignon, byStepheii 
Montgolfier s but the bag was not filled wick 

hydrogen 
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hydrc^en gas« It was filled with air rarefied b)r 
beatj which of courfe was lighter than an equal bulk 
of common air^ of the ufual temperature. 
. It is faid that the two brothers, Stephen and John 
Montgolfier, began to think en the expertmeot of 
the aeroftatic machine as early as the middle of 
latter.end of .the year 178 a. , The natural afcenfion 
of fmoke, and of the clouds in the atmofphcre, fug- 
gefted the firft idea ; and to imitate thofe bodies, or 
to enclofe a cloud in a bag, (q that the latter might 
be elevated by the buoyancy of the former, was the 
firft projcft of thofe celebrated gendemen. 
. Stephen Montgolfier, the ddeft of the two4)ro- 
thers, made the firft aeroflatic experiment at Avig* 
nonj towards the middle of November 1782. 
The machine confifted of a bag of fine filk, in the 
ihape of a parallelopipedon, open on olie fide, the 
capacity of which was equal to about 40' cubic feet. 
Burning paper, applied to its aperture, fervcdto 
rarefy the air, or to form the cloud ; and, when fuf- 
ficiently expanded, the machine afcendcd rapidly to 
the ceiling of the room- Thus the original dif- 
covery was made, which was afterwards confirnfied, 
improved, and diverfified by different perfons in 
different parts of the world* 

As foon as the news of Mr. Montgolfier's fuccefs- 
ful experiment reached Paris, the fcientific perfons 
of that capital, juftly concluding that a fimilar ex- 
periment might' be made by filling a bag with hy- 
d«)gen gas, immediately attempted to verify the 

fuppofirion. 
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ft4)po(ition. A fubfcription for defraying the ex« 
pences whith might attend the accomplifiiment of 
the projeftj was immediately opened; pcrfons of 
all ranks ran with eagernefs to lign their names, and 
the ne;ceflary film was fptedily ^aifcd. Meffrs. Ro^* 
bercs were appointed to conftrud the machine, and 
Mr. Charles, profcffor of experinnenta) philofophy, 
was appointed to fupcrint^nd the work. 

The obfticles, which opptSfed the accoraplifh- 
mertt of this firft attcn^,, wert many; but the 
two princij!)^ difficulties were to produce a large 
quantity of hydrogen gas, and to find a fub- 
ftance fufficiently light to make the bag of, and 
at the fame time . impermeable to the gas. "At 
hft they conftrafted a globular bag of a fort of filk 
ftufF, called luttfiring ; which, 'In order to render 
it impervious to the gas, was covered with a certain 
varnifti, faid to confift of diflblved elaftic gum (ca- 
outchouc). The diameter of this bag (which, from 
Its ball-like (hape, was called a balloorii and gave the 
tiame of air-balbms to thofe machines in general) 
was 12 feet 2 inches F/ench, or about 13 feet 
Englifh. It. had only one aperture, like the neck 
of a bladder, to which a ftbp-cock was adapred* 
The weight of the balloon^ when empty, together 
Vith the ftop-cock, v/as I5 pounds. 

The attempts to fill this bag commenced on the 
i3d of Auguft 1783. But the operators met with 
many difficulties and difappointments, from inad- 
vertences,, want of materials, want of precautions, 
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&c. fo much {q, that the accomplifhmeot of the tt^ 
pcrimentj viz. the aAud afeent of the ballppiii did 
not take place before the 36th of the fame hioncb. 
On the morning of that day, the inflated ballooo, 
having; a fmall cord failened to its neck^ was per- 
mitted to rife only to the height of about lop feet; 
but at five o'clock in the afternoon of the ayth, tlv 
balloon was difengaged from its fafteningsj in the 
Camp of Mars J and rofe ms^eftically in the at- 
mofphere before the eyes of a great many thoufand 
fpeAators, and amidft a copious fhower of rain. In 
about two miniites time it rofe to the height of about 
.3123 feet. After remaining in the atmofphere only 
i of an hour, this balloon fell in a field n€2Lr Gonejfii 
a village about 1 5 miles from Paris. ^ Its fall was 
attributed to a rupture that was found in it, and it 
was reafonably imagined that the expanfion of the 
hydrogen gas, when the balloon had reached a much 
lefs denfe part of the atmofphere, had burft it. 
When this balloon went up, it was found upon trial 
to be 35 pounds lighter than an equal bulk of com^ 
mon air. 

Thus in the years 1782 and 1783, it was afccr* 
tained that bags full of hydrogen gas, or of rarefied 
common air (either of which is lighter than com- 
faion air in its ufual ftate), would afcend into the at- 
mofphere, and that they might take up confiderablc 
' weights. The principal experiments and improve- 
ments that were made in purfuance of thofc difco- 
vcries, will be mentioned in the next chapters j but 

* 
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It will be prcvioufly neceffary to make the following 
remark ; namely^ that this difcovery^ though in it- 
iclf very remarkable, is far froni amounting to the 
irt of flying. THe only -fcffirfk that an aeroftatic 
machine can produce, is to elevate^ and to keep 
fufpended, a certain weight in the atmofpherei 
but with reipe£( to it^ pro^flUve niotibn, it can 
Dnly follow the courfc of the wind ; nor has any 
tnethod been difcovered by nieans of which the bal« 
k>on may be caufed to deviate from that courfe in 
ahy uieful degree. 
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^ QlOON after the Tuccefs of the flitt^ttewp^ dw 
O/ Montgdfficrs repeated die experiment fa the 
open air^ and with bags of differeiit^ses i but tbeir 
firil grand and public exhibidon in the prefenceof 
a very refpedtable and numerous afiembly) was made 
on the 5th of June 1783, with an aeroftatic maohine 
or bag that meafurcil 35 feet in diameter. -The 
machine inflated. by the rarefied air, afcendedtoa 
confiderable height, and then fell at the diftance of 
7668 feet from the original pl^ce of afcenfion. 
This experiment was defcribed and recorded with 
great accuracy; and accounts of it w^rc imme- 
diately forwarded to the court of France, to the 
academy of fciences, and almofl as far as literary 

. and entertaining correfpo'ndence could teach* The 
youngeft Montgolfier, arriving at Paris not long 
after the above-mentioned public exhibition, wai 
invited by the Academy of Sciences to repeat hi! 
lingular aeroftatic experiment ; in confequence of 
which invitation, that gentleman began to conftrud 
an aeroftatic machine of about 72 f^et in heighti ac 
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the escpentt of the academy. But while this opera* 
don was going on, and as a fuccefeful experimeiit 
with an inBammable air balloon^ h^d already lieeA 
performed on the 27th of Augiaft, the ppcgied of 
making t>a]loons became general^ and thofe wha 
wiflied to make the experiment on the finalkft feale, 
ibon calculaced^e pecefl&ry particulars, and found 
chat the perfopmaace of the experiment was far from 
being either difficult or expenfive^ The baron de 
Beaumanoir, at Paris, by the fugg^ftion of aMv. 
X>efchamp6, was iinckiced to try gold-beater's ikin« 
and (boR niade a baUcon by glueing fcvefal pieces 
of that ikin together. This balloe«i was n6 more 
dian 19 inches in diameter^ it was of couHe eafily 
fiSed with hydrogen gas^ and on the nth of Sep* 
tember ly^Sj, it mounted with rapidity into the at^ 
tno^ere. 

In Gonfequence of this experiment of the bAitHH 
ie^ral perfon!^ endeavoured to make t^Hoons ftill 
^nailer than his, ^nd fome fuceeedeci to make them 
of not more than fix inches in dianieterj which 
weighed betwten 30 and 40 grains. Thefe were 
filled with the utmoft fitcility^ and ierved well 
enough to (hew the experiment in a room 1 but as 
they were neceflarily formed of fldns extremely fineji 
Gonfequently more porous than the ufual thicker . 
(kinsj the gas foon efoaped from them, and the di^ 
minotiye bdloons hanfly floated longer thae a mi* 
Rute or two, 

V 3 Mr, Mont-r 
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,■ Mr. Montgolfier^ having completed his large 
aeroftat, agreeable to the dclire of the academy^ 
made ^ private experiment with it on the eleventb 
: of September> whic}i fvcceeded. On the ibUowiog 
day another experiment was m^de with the fam^ 
before the commiflaries of the acaderny^ and a vaft 
number of other ipedators ; but thi^ cxperioicoii 
in confequence of a violent flipwer of rain^ was at^ 
tended with partial fucceis i and ^ 9eroftat i^as 
thereby confiderably damaged^ ^ * 

Another (imilar machine was fpeedily conftru6led 
by the fame Mr. Montgolfier, with which the cxt 
pcrimcntwas performed ^t Verlailles on the 19th of 
September, before the royal femily of Fnipce, and 
an innumerable concourfe of ipedator9« The prcr 
paration fpr filling the machine wit{i rarefied air coa- 
fifted of an ample fcaffold, railed ibme feet abov^ 
the grounds in the middle of which there was a well 
or chiouiey, about 1 6 feet in diameter; in the lower 
part of whiich^ near the ground, the fire, was n^adc. 
The aperture of the acrpftat was put. round the 
chimney or well, and the reft of i? was laid dowa 
pver the well and the furrounding fcafFold. As foon 
as the fire wa3 lighted, the machine began to fwelli 
squired a convex form, ftretched itfelf on every 
fide, and in ii minutes tinie, the/c^ords being 
cut, the machine afcendcd, together with a wickef 
bftiket or cage, which was fattened to it by meaa$ 
of a rope, and in which a fhcep, a co9k, j^d \ 

'3uck| 
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duck had been placed. Thefe were the firft. ' 
animals that ever afcended with an aerofhtic ma* 
chine. The' apparatus rofe to the height of about 
J 440 feet, and remained in the atmofphere during 
S tninutes 5 then fell at the diftance of abdut 10200 
feet from Verfailles, with the artimals fafe in the 
bafk^t. ' 

After the Ibccefs of this experiment with the 
animals, &c. , and when ten months had fcarcely 
dapfed fince Mr. Montgolfier made his firft experi- 
ment of this fort, Mr. Pilatre de Rozier publicly 
offered himfelf to be the firft adventurer in the 
newly invented machine. His offer was accepted, 
his courage remained undaunted, and on the 15th 
of Oftober 1783, he aftually afcended into the at- 
mofphere, to the aftoni(hment of a gazing rnulti- 
tudc. The aeroftat with which lie afcended,' was 
of an oval (hape, its height being about 74, and . 
its horizontal diameter 48 feet. The aperture or 
lower part of the machine had a wicker gallery 
about 3 feet broad, with a baluftrade both within 
and without, about 3 ifeet high. The inner diameter 
of this gallery, and of the neck of the machine which 
pailed through it, was nearly i6 feet. In the middle 
of this aperture an iron grate, or brazier, was fijp- 
ported by means of chains, which came down from 
the fides of the machrne* In this conRru£tion, when* 
the machine was up in the air, with a fire lighted in 
the grace, it ^as eajy for a perfon who ftood in the 
gallery, ai)d had fuel wHh him, to keep up the fire 

Y 4 "t 
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in the opening of the machine, by .thrawing the 
fuel on the grate through port-hoks nnade i^ tboi 
neck of the machine. By which mesins the ma^ 
chine might be kept up as k>ng as tbe perfon in 
its gallery thought, propefi or till hp ha4 fud tQ 
fijpply the fire with. 

After this Mr. de Rozier repeated the experi^ 
nent with, the fame ^nd with other fimilar ma^ 
chines, and his fuccefs fl^wei;}' to the wsorld thai 
human bebgs might iafely afcend with thofe ma- 
chinest Ixi hGc^ the (Experiment was after^aids 
repeated by a variety qf people of both fexes j and 
it i$ remarkable, that in thofe aerial eTCurfions, no. 
giddineis, nor ficknefs waS) expccict^ed \ff: M 
travellers. 

The firfl: atrial voyage, with 911 \nfismvoMftm 
balloon, was performed fpb&quent to the above* 
mentiojied experiment, viz. on the ift of Pecem- 
ber 1783* Mr. Charles and Mr. Roberta who had 
cpnliruiSted the firft b^loon of this (brt, as has been 
mentioned in> this ch<^pter, w^re th^ firft adven- 
turers. The balloon ^as g^qbialap, its, dianneter 
being 17 f feet. A net w^nt oyer the upper he^ 
mifphere, an4 was failened to a hpop^ which went 
round the middle of the. li^UooiiK From this hoop 
ropes proceeded^ and were f^oed to a boat which 
fwung a few feet below th?, galloon. lii order to 
prevent the burflingqf the mfichine by the expaniion 
of the gasj in an elevated region j a valve waa made 
on die upper part of it, wjycb,, by pulliog a.ftringi 

would 



weuld open and let out p^t of the' gas. There 
iras likewi$s a long filkcn pipei through which the 
balloon was filledr 

The apparatus for filling it confiftcd of f^eral 
wooden caiks placed round a large tub full of water^ 
every one of which had a Jong tin tube.which termi^ 
nated under a veflel or funnel, that was inverted into 

the water of the tuK A tube the|i proceeded from this , 
^nnel;^ and com|nunica|ed with the balloon,. which 
i^ood juft over it. Iron filings and diluted fulphu- 
lie acid were put into the calks ; and the gas which 
was H^xtricatied from thofe nr^^terials, palfed through 
f^ tin tubes, then through the water of the tubt 
imd, laftlyi (hrough the tube of th^ fum^el into the 
baUoon* 

When Meflrs, jCharles and Robert placed them* 
felves in the boat, they had with them proper philo* 
fbphical ihitruments, provifions, clothing, and fome 
bags full of fand, by way of ballad. With this pre* 
paracion they afcended at i 2&tr. one o'clpck. At 
the tinie they went up, the thermometer, Fahren* 
beit'S' icalc^ flood, at 52% the mercury in ^he baro- 
meter flood ^t 27 inches, from Which they deduced 
their altitude to be nearly 6co yards. During the 
l«ft of their yoyagc, the mercury in Ae barometer 
aiove4 generally between 97 inches, and 'i'j^Si 
rifing and filing Recording as pare of the ballai^ 
was tbrawtv out, f>r fome gas eicaped from the 
balloon. . The thcr^poni^^^r ftood §;en?rMly between 
^r and 57% 

Soon 
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Soon after their afcent^ they remained ftationary 
for a (hort timei then they went .horizontally, in the 
dircftion of ^N, N. W. They crofied the Seine, and 
' pafl^d over fcveral towns and villagers, to the great 
^oniiliment of the inhabitants, who did not ezpeft 
to fee fuch a fpedacle, and who had perhaps never 
heslrd of this new fort of experiment. This deiirt 
cious aerial voyage lafted one hour and three 
quarters. At laft they defcended in a field near 
Nejle^ a fmall town, about ay miles dift^nt from 
Paris J fo that they had gone at the rate of about i j 
miles per hour, without feeling the leafl: inconveni- 
ence i and the balloon underwent no other akeradoB, 
than what was occafioned by the dilatation and coih 
traftion of the gas, according to the viciflitudes of 
h^at and cold. 

The fuccefs of the experiments, which have been 
already defcribed, fpread a univerfal enthufiafii\ 
throughput Europe, and the aeroftatic experiments, 
both in the diminutive, and in the large way, were 
foon undertaken in different countries; The firft 
experiment of this fort was fhewn in London op the 
' 25th of November 1783, with an inflammable air-, 
balloon of 10 feet in diameter, by Count Zam-» 
bcccari, an Italian gendcman. The firft aenal 
voyage undertaken in England, with an inflamma- 
ble air-balloon, of 23 f^Ct in dianf}eter, made of 
oil fijk, was performed by Mr, Lunardi, another 
Italian, on the i^th qf September 1784, . . 

During 
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Puring, the abpve-mentidned an4 the three FoIt 
lowing year3| the dajjy papers, and other periodical 
publicaQoqs» gaye frequent accounts of aerial 
voyages having been performed in various parts of 
Europe, and even in Aoierica. The fmall inBami; 
mabk air-t^Uoons were exhibited at pi^blic ledlurcs^ 
and almoft in evpry private aflfembly. Small aerofta- 
tic machines of fine pap^, |fo be elcv4!ite^ by rarefied 
air, were publicly fold in great plenty, fome of them 
even fpr phe trifling price of a fingle fhil}ing ; and 
as thefe formed a pretty fpedap k in the night timcj 
on account of th^ burning coipbuftjble which was 
appended to their aperture for the purpofe of rafcfy- 
ing the air, a great many .of them were every nighf 
fepn tQ move ovpr London, in^he djredlion of the 
yuid. 

The fimple coqftrudtion pf t|iofc diminutive aerQr 

ftatic machines, for rarefied air, is as follows. Pieces 

of that fort of fine paper, which is fold in X^ndon 

under the natpc h£fan pff^^ oxfthsr pap^^ are cuj^ 

ip an oblpng jhape, . gradually tjiperingat the two 

e^ctremities. , Thofe pieces are ftuck together fu^r 

cdlively, edge to edge, fo ^s to form a globular 

paper bag. Part'of this globe is then cut off fo as; 

to leave .^ circular aperture of about 10 or 1 2 inches 

in diamctpr, to the edge of which a fine iron or bral^ 

i\ire is adapted by way of ftrength, arid is fixed by 

:urni|ig and pafting a little of the edge of the pape;* 

ivcf if* Two ftraight apd pretty thin ^roa wircsi 
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are alfo to ba placed acrofs each other in tbe abov^. 
mentioaed aperture; and their extremities are fitften- 
ed to the circular wire, which goes round the apcr-. 
ture. This crofs of wire ferves to fupport the fuel, 
viz. in the middle of it a ball of fpun wool is faftened 
alfo by means of fine iron wire, which when the 
experiment is to be performed, rnOft be foakcd in 
fpirit of wine, or in fpirit of turpentitie, and then 
lighted, whilft an affiftant holds the batloon (which 
need not be larger than a yard io diameter) by the 
top. The combuftion immediately fwdls the balloon 
with rarefied air, and when this has taken place, 
the afTiftant relinquifhes his hold, and the ballQQQ 
mounts, 85c. 

The aeroftatic experiments, originally under- 
taken for mere curiofity, foon became the objeft 
oT gain, and'almoft all the aerial voyages were un- 
dertaken for the fake of profit. Perfons enrircly 
iinacquaimed wiih any branch of natural philo- 
fophy, ofi^ered to make aerial voyages, ar*d taper- 
form experiments in the atmofphere, for which 
they were not in the leail qualified, and with in- 
ftruments, of which they did not underftand the 
ufe. 

In confequence of this praflice, the aerial voyageSj^ 
though numerous, have not however been produc- 
tive of much information. Yet the variety of fitua- 
tions, of machines, and of accidental circumftancesi 
added to the obfervacions of able perfons, have un- 
8 doubtecily 



doubtcdiy fivewn a variety of fafts which defcrvfc 
the attention of the philoiophcr. Therefore omitting 
the pardcukr account of all the ufclefs voyagesj I 
fhall only mention thofe which have been attended 
wiirfi any particular and rtniarkabie occurrence 
that ttiay appear capable of eftAblifhing fonne uit* 
iui fed, or to rennovc f9nic preconceived ob* 
jcflion. 

The Abbe Bertbolon feems to have been the firft 
perfbn who made ufe of fmall balloons for exploring 
the eledricity of the atmofphere, which nnuft be a 
very ^fcfiil method, particularly in calnn weather, 
when electrical kii^s cannot be raifed. He raifed 
fcveral air-balloons, to which long and flcnder wires 
were attached ; the lower extremity of the wire be* 
ing fiiftencd to a glafs flick or other infulated ftand, - 
whereby he obtained from fuch wires eleftricity 
cfKDtigh to Ihcwits kind, and even fparks. 

On the 13th of January 1784, an aeroftatic nna- 
chine, oT about 37 feet in height, and ao in diame*- 
tcr, was launched from the caftle de pifanfon^ near - 
Remans^ in Dauphine. Itfofewich furprifing ve* 
tetity, and as fhe wind was nbrth,; it went fouth- 
ward-j but when the machine had afcended to the 
bclgfit of about 1300 feet, it went back towards the 
north, and inkfs than five minutes time it afcended 
to the height of above 6000 feet. In kls than ten 
minutes it fell at the diftancc of nearly four miles. 

This experiment, and indeed the fimilar fucccls 
of many others, Ihews that there frequently aff in 

the 
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the atmbfphere Currents of air in dilTerth^ and 
fometimes quite oppoHte, dire£Uoiu(; this, howevcQ 
is far from being always the Cafe; If difierent cur* 
tents could always be met with at difierent hdgkt^ 
above the furface of the earth, the method of guided 
ing balloons would be extremely eafy ; for th€ 
aerial traveller would have- nothing more to dothad 
to place himielf in the favourable current3 which he 
may do by throwing out either ibmt balkft or fcnne 
inflammable gasj according as he wilhes to go.6ig^ 
or lower. 

The largefl: aeroflatid machine ever ifiade, and 
filled with rareBed air, was launched ix Lyons on the 
19th of January 1784, with not lefs than fevcfl 
pcrfons in its gallery, amongft whom were Jofeph 
Montgolfieri and Pilatlre de Rozier. The height 
of this machine was about 131 feet^ and its' horizon- 
tal diameter about 104. Its weight, when it afcend- 
ed, including pafTcngers, gallery, &c. was about 
1 600 pounds. 

This machine, having fuffefed confiderably in 

confequence of previous trialsj was by no means in 

a perfcft ftate when it afcended j nevcrthclels, whcfl 

the adion of the fire had inflated it^ the feven ptf- 

fonsi who in fpite of every remonflrance had placed 

themfelves in the gallery, refufing to f elinquiih their 

places, the machine was releafed from the ropes 

which confined it, and afcended majeflically into 

the atmofpherc. At a certain height, the wind 

turned it towards the wcfti but it afterwards pro- 
ceeded 
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tceded cAft-fouth-caft, afcending, at the feme tirfti. 
Until it was at leaft looo yards high. . 

The effed: which was produced on the fpecjtators by 
this fpeftacle, is dtfcribed as the mofl: extraordinary 
that was ever ocicafione'd by any "produftidn of hti- 
iman invention^ It was a mixtvire of the ftrangefl: 
nature imaginable. Vociferations of joy, fliricks of 
fear, expreffions of applaufe> the found of niartiJil 
inftruments,'and the .difcharge of mortars, produced 
an cffedt more eafily imagined than dcfcribed. Some 
of the fpcftators fell on their knees, and others ele- 
vated their fuppliant hands to the hcavcns^j' fome 
women fainted, and many wept \ but the confident 
travellers, without .(hewing the leaft appearance of 
fear, were continually waving their hats out of the 
gallery. 

At about 15 minutes aft,er the afcent, the wind 
ihifted again; but it was fo feeble that the machine 
flood almoft ' ftationary for about four minutes. 
Unfortunately about this time a rent was made iii 
the machine, which occafioncd its defcentj and whcrt 
it came witl:in 600 feet of the ground, its velocity 
was conficjerably accelerated. It is faid that no lefs 
than 60000 perfons, befides the Marcchauffce, rati 
to the fpot, with the greateft apprehenflon for the 
lives of the adventurous aerial travellers. They 
were immediately helped out of the gallery, and 
luckily ho perfon had received any hurt, except Mr. 
Montgolfier an infignificant fcratch. The machine 
was torn in fcveral places, befides a vertical rent of 

upwards 
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upwards of 50 feet in length ; Which clearly (tiewi 
how lictlc danger is to be apprehended from tht ufe 
of thofe machinesi efpccially when they arc properly 
con(tru61:ed and judicioiifly nunaged. 

On the 5thpf April 1784, Meflrs. de Nforveau^ 
and Bertrandi at Dijoni afcended with an infiam- 
Inable ^r-balloon> which, according to their baro- 
metrical obfervations, feenjs to have reached the 
extraordinary height of 13000 feet, when the cold 
was fo greac, that the thermometer ftood at 25^ 

On the 15th of July, the duke dc Chartres, the 
two brothers Roberts, and another perfon^ afcejided 
with an inflammable air- balloon, from the park of 
St. Cloud) at 52 minutes paft fcven in the morning. 
This balloon was of an oblong form, ijts dimenfions 
being 55 feet by 34. It afccnded with its. greateft 
extehfion nearly horizontal > and after remaining in 
the atmofphere about 45 minutes, it defcended at a 
fmali diftance from its place of afcenfion. Btit the 
incidents that occurred duHng this aerial excurGoni 
deferve particular notice, as nothing like it had hap- 
pened before to any of the aerial travoUers* This 
machine contained an interior fmall bal^on^ filled 
^ with common air j by which means it was fuppofcd 
that they might regulate the afqent and the dcfcent 
of the machine, without any lofs of the hydrogen 
gas, or of ballaft. The boat was fumilhed with a 
helm and oars, that were intended to guide the ma- 
chine, bur which were in this, as wellas \ti every other 
fimiiar, attempt found to be quitd uielefs. 

Oo 
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On the level of the f^, die mercury in the baro* 
fleeter ftood'^t 30,25 inches, and at .the place of 
afccnfion it ftbod at 30,1a. Three nninutes after 
its afccnfion, the balloon \vas loft in the clouds^ and 
the aerial voyagers loft fight of the earth, being in- 
volved in a dcnfe vapour. Here an unufiial agita- 
©on of the air, fomewhat like a whirlwind, in a mo- 
ment turned the nrtachiue three times from the ri^ 
to the left. The violent Ihocks which the adven- 
turers fufFered, prevented their ufing any of the 
means prepared for the diredion of the machine 5 
>and they even tore away the filk fluff of which the 
jidUn was made. Never, feid they, a more dread- 
iiil fcene prefented itfelf to any eye, than that in 
which they were involved. An unbounded ocean 
of fhapelefs clouds rolled beneath, and feemed to 
forbid their return to the earth, which was ftill in- 
Vifible. The agitation of the balloon became greater 
every rnoment. They cut the, cords which held 
the interior balbon, which conftqu^ntly fell on the 
:bottom of the external balloon, jiift upon the aper- 
ture of the tube that went down to the boat, and 
itopped up that communication. . At this time the 
thermometer was a little above 44*. A guft of 
wind firom below drove the balloon upwards, to the 
•extremity of the vapour, where the appearance,©^ 
' the fun ihewed them the exiftence of nature ; but 
now both the heat of the fun, and the diminiflied 
dciifity of the atmofphere, occafioned fueh a. dilata- 
tion of the gas, that the 'burfting of the ballpoo . 

VOL. IV. z w^g 
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was apprehended ; to avoid which,- they introduced 
a ftick through the tube, and endeavoured to re- 
move the inner balloon, which Hopped its aperture 
within the external balloon ; but the dilatation of 
the gas prefled the inner balloon fo forcibly againft 
that aperture, as to render every attempt ineflfeftuaL 
During this tirtie, they continually afccnded, unt3 
the mercury in the barometer flood not higher than 
24,36 inches, which fhewed their height above the 
furface of the earth to be about 5 100 feet. In thefc 
dreadful circumftances they thought it neceflary to 
make a hole in the balloon, in order to give exit to 
the gas ; and accordingly the duke himfelf^ with one 
of the Ipears of the banners, made two holes in the 
balloon, which opened a rent of about feven or eight 
feet. In confequence of this, they then defccndcd 
rapidly, feeing at firft no objeft either on earth or in 
the heavens; but a moment after, they difcovered 
the fields, and that they were defcending ftraightinto 
a lake, wherein they would inevitably have fallen, 
had they not quickly thrown over about 66 pounds 
weight of ballaft, whfch occafioned. their coming 
down at about 30 feet beyond the edge of the lake. 
Notwithftanding this rapid defcent; none of thp four 
adventurers received any hurt 5 and it is remarkable, 
that out of fix glafs bottles full 6f liquor/ which were 
fimply laid down in the boat, one only was found 
broken. 

In the courfe of the fummer 17 84, two perfons, 
Viz« oae in Spain, and another near Philadelphia, in 

America, 
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America, were very nearly lofing their lives by going 
Up with rarefied-air macilhines. The former, on the 
5th of June, was fcorchcd. by the machine taking 
fire, and was hurt by the fubfcquent fall, fo that his 
life was long defpaircd of. The latter, having 
afcended a few feet, was wafted by the wind againfl: 
the wall of a houfe, and fome part of the ma<chincry 
was entangled under the eaves, from which he could 
not extricate it. At laft the great afcenfional 
power of the machine broke the ropes or chains, 
and the man fell from the height of about ao feet. 
The machine prefently took fire, and was confuihed.- 
I fhall now relate one of the moft remarkable 
aerial voyages that were ever made with an aeroftatic 
machine. It is the croffing of the Englilh channel 
in an inflammable aif-balloon of 27 feet in diameter,. 
The cnterprifcr of this dangerous voyage was Mr. 
^lanchard, an intrepid Frenchman, who had already 
finade five other aerial voyages with the very fanie 
balloon, both in France and in England^ Mr, 
Blanchard is remarkable for having made a greater 
number of aerial voyages in England, in' France, 
and elfewhere, both before and after the croffing of 
the EnglilTi channel, than any other enterprifcr 
recorded in the hiftpry of aeroftation. The only 
trial worth remarking which Mr. Blanchard isip- 
pears to have made in his aerial excurfions, is 
the inefFeftual ufe of oars, wings, &c. for di- 
rcfting the balloon. Profit fecms to have been 

22 the 
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the principal \f not the fole objeft of his numerous 
^xcurfions. • 

On Friday the 7th of January 1785, being a fine 
clear morning, after a (harp frofty night, and the 
wind being about N. N. W. though hardly percep- 
tible, Mr. Blanchard, accompanied by Dr. Jeffrifcs, 
an American gentleman, departed in the old balloon 
of 27 feet diameter, from Dover Caftle, direfting 
their courfe for the French coaft. Previous to the 
departure, the balloon, with the boat, containing 
the two travellers, feveral neccflaries, and fonic bags 
of fand for ballaft, were placed within two feet of 
the brink of the perpendicular cliff before the caftle. 
At one d'clock the intrepid Blanchard defired the 
boat, &c. to be pufhed off^ but the weight being 
too great for the power of the balloon, they were 
obliged to throw out a confiderable quantity of 
ballaft, in confequence of which they at laft rofc 
gently and majeftically, though making very little 
way, with only three bags of ballaft of ten pounds 
weight each. At a quarter after one o'clock, the 
barometer, which on the cliff ftood at 29,7, was 
fallen to 27,3; and the weather proved fine and 
/warm. Dr. Jeffries defcribes with rapture the 
profpeft which at this time was before their eyes. 
The country to the back of Dover, interfperfed 
with towns and villages, of Which they could count 
37, made a beautiful appearance. On the other 
fide the breakers, on the Goodwin Sands, appeared 

formidable. 
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formidable. Upon the whole, they enjoyed a view 
perhaps more extended and diverfified than was 
ever beheld by mortal eye. The balloon was much 
diftended, and at 50 minutes pad one . o'clock it 
was dcfcending, in confcquence of which' they were 
obliged to throw out one bag and a half of fand- 
They were at this time about one third of the way 
from Dover, and had loft diftinft fight of the caftle. 
Not long after, fioding.that the balloon was defcend- 
ing very faft, all the remaining ballaft. was thrown 
over, as alfo a parcel of books, in confequence pf 
which the t>alloon rofe again. They were now at 
about half way. At a quarter paft two o'clock the 
fifing of the mercury in the barometer fhewed that 
they were defcending ;, in confequencee of which 
tbe remaining books were thrown into thc~fea. At 
25 iTiinutes after two, they were at abdut three- 
fourths of the way, and an enchanting view of the 
French coaft' appeared before their eyes; but the 
lower part of the balloon was coUapfcd, owing to the 
lofs or condenfatioji of the gas, and the machine was 
defcending, which obliged them to throve over 
•provifions for eating, the oars or wings of the boaf, 
and other articles. '^ We threw away," faid Dr. 
Jeffries^ ^^ our only bottle, which, in its defcent, 
^' caft out a fteam likefmoke, with a rufhing noife; 
*^' and when.it ftruck the water, we heard and felt 
*' the fhock very perceptibly on our car and bal- 
^^ loon.'* But the balloon ftill approaching the fea, 
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they began to ftrip and call away their clothes. 
They even intended to fatten themfelves to the 
cofd^ and cut the boat away, as their laft refourcc; 
but at this critical point, they had the fatisfadion to 
obferve that they were rifing ; their diftahce' fix)in 
the French (hore, which they were approacWng 
very faft, was about four miles. Fear was now va- 
nifhing apace j the French land fhewed* itfclf every 
moment more beautiful, more diftindt, aqd more 
extended ; Calais, and above ao other towns and 
villages, were clearly diftinguiflied; Exadtly at three 
o'clock, they pafled over- the high grounds about 
^midway between Cape Blanc and Calais ; and it is 
remarkable that the balloon at this time rofe very 
fall, and made a magnificent arch'j probably owing 
to the heat of the land, which rarefied in fome mca- 
furc the hydrogen gas. At laft they defcended as 
low as the tops of the trees in the foreflf of Guinncs, 
and opening the. valve for the cfcape of the g^s, they 
foon after defcended fafe to the ground, after having 
accomplifhed an enterprife which will probably be 
recorded to the remoteft pofterity. 

The following is the melancholy account of an 
experiment which was attended with the death of 
two aerial adventurers, ohe of whom was Mr. de 
Rozier, the firft perfon that ever afcendcd withian 
a^roftatic machine. - 

Mr. Pilatre de Rozier, defiroqs of diverfifying 
and improving the new method of travelling through 

the 



Progref^ of AeroJ^aiion. 343 

ihc air, formed a plan of combining the two Ipecics ' ' 
of aeroftatic machines, from which he expedled to 
render their joined buoyancy more lafting, and bf 
courfe* more ufefuL His phn was to place an in- 
flammable air-balloon at top/ and to affix to it, by 
means of ropes, a rarefied air-balloon, fo that a fpac? 
of icveral feet might intervene between thi: two. 
The paffenger or paflengers were intended to take 
their places in the gallery of the lower machine, 
whence they could regulate the fire, and might, by 
a proper managemeht of the fuel, elevate or deprels 
the whole, without the neceflity of lofing any in- 
flammable gas from the upper balloon. 

Accordingly this plan was put in execution. The 
tipper or thfc inflammable air-balloon was of varnilb- , 
ed filk, lined with a fine membrane, like gold-* 
beaters' (kin.' The other aeroftat was of ftrong 
linen. \ On the 15th of June 1785, at feven o'clock 
in the rhorning, eyery thing being ready, Mr, 
Pilatre de Rozier and a Mr. Romain, placed them- 
fclvesi in the gallery of the aeroftat, with plenty of 
fuel, inftruments, and other neceffary articles 5 and 
rpfe in the atmolphere. The machine fcemed to 
take the bell poffible dire&ion, but the wind being 
both feeble and Ihifting, they changed their direftion 
two or three times j but when they were %t a confi- 
dprable height, and not above i of a mile from the 
place of afcenfion, the machine appeaf'ed to be in 
flames, and prefently the whole was precipitated ' 
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•down to the ground. The unfortunate adventuren 
vrdre inftandy killed, their bones disjointed and dread- 
fully mangled by the tremendous fall. 

How the inSammalble air took fire, is varioufly 
conjedured ; but it is natural to fuppofe> that the 
fparks of fire mud have fiown from the lower to the 
upper or inflammable air-balloon. On the ground, 
the bag of the upper balloon was in great niea^ 
fare burned or fcorched ; that of the lower wai 
entirCi 

^ Omitring the » various unintereftinjg, though not 
numercJus, aerial voyages undertaken iii various parts 
pf the world, during the 17 years fubfcquent to the 
above-mentioned dreadful accident of Pilatrc dc 
Rozier and Mr. Romain, I ihall only add the ac- 
count of two aeroftatic experiments lately performed 
in England by Mr. Garnerin, a French aeronaut. 
The firft of' thofe is remarkable for the very great 
velocity of its motion ; the fecond for the exhibition 
of a mode of leaving the balJoon> and pf dyfcending 
with fafety to the ground. 

On the 30th of June v 802, the wind being ftrong, 
though not impetuous, Mr. Garnerin and another 
gentleman afcendcd with an inflammable air-ballooa 
ffom Ranelagh-gardens on the fouth-weft of Lou- 
don, between four and five o'clock in the afternoon; 
and exaftly in three" quarters of an hour they de- 
fcendcd near the fea, at the diflance of four miles 
from Cplchcfter. The dift'arKC of that place from 

Ranelagh 
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Rianelagh is fixty miles; therefore they travelled at' 
the aftonifhing rate of 80 miles per hour. It fecms 
that the balloon had power enough to keep them up 
four or five hours longer, in which time they might 
have gone fafe to the continent ^ but prudence iq- 
ducccj them to defend when they faw the fea not 
for off. 

The fingular experiment of afcending into the at- 
iDofphere. with an inflammable air-balloon, and. of 
descending with- a machine Z2}\^^ 2i faracbute (the 
breaker of afalU ^r of a Jhock) was performed by Mr. 

. Garnerin on the 2ift of September 1802. He ai^ 
cended from St. George's Parade, North Audley 
Street, and defcended fafe into a field near the Sniall- 
Pox Hofpital at Pancras. 

The ballooii. was of the ufual fort, namely, of 
oiled filk, with a net, from which ropes proceeded, 

. which terminated in, or we.re joined to, a finglc 
ft>pc at a few feet below the balloon. To this 
rope the parachute was fattened in the following 
planner. 

'The reader nniay eafily form to himfelf an idea of 
this parachute, by imagining to fob a large umbrella 
of canvas of about 30 feet in diameter, but deftitute 
of the ribs and handle. Several ropes of about 30 
feet in length, which proceeded from the edge of 
the parachute, terminated in a common joining, 
^om. which Ihorter ropes proceeded,, to the .cxtre- 
inicics of which a circular baflcet was faftenecjj and 

in 
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in this baflcet Mr. Garncrin placed himfclf. Now 
the finglc rope, which has been.faid above to pro- 
ceed from the h^loon, paffed through a hole in the 
centre of the parachute, alfo through certain tin 
tubes, which were placed one after the other in the 
place of the handle or ftick of an umbrella, and was 
laftly fattened to the balket; fo that when'the l^Uoon 
was in the air, by- cutting the end of this rope next 
to the baflcet, the parachute, with the bafket, would 
be feparated from the balloon, and, in filing down- 
wards, would be naturally opened by the refiftancc 
of the air. The ufe of the tin tubes was to let 
the rope flip ofF with greater certainty, and to 
prevent its being entangled with any of the other 
ropes, as alfo to keep the parachute at a diftance 
from the baflcet. 

The balloon - began to be filled at about two 
o*clock. There were 36 caflcs filled with iron 
turnings^ and diluted fulphuric acid, for the produc- 
tion of the hydrogen gas* Tjiefe communicated 
with three other caflcs or general receivers, to each 
of which was fixed a tube that emptied itfelf into 
the main tube attached to the balloon. 

At fix, the balloon being quite full of gas, land 
the parachute, &c. being attached to it, Mr. Gar- 
nerin placed himfelf in the baflcet, and afcended 
majeftically amidft the acclamations of innumerable 
fpeftators. The weather was the clearefl: and plea- 
fanteft imaginable 5 the wind was gentle and about 
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weft by fouth ; in confequence^ of which Mr. Gar- ' 
ncrin went in the direftion of about eaft by north. 
In about eight minutes time, the balloon and para- 
chute had afccnded to an immenfe height, and Mr, 
Garnerin, in thebaflcet, eould fcarcely be perceived. 
While every fpeftator was contemplating the grand 
light before them, Mr. Garnerin cut the rope, ' and . 
in an inftant he was feparated from the balloon, 
trufting his fafety to the parachute. 

At firft, viz. before the parachute opened, he 
fell with great velocity ; but as foon as the para- 
chute was expanded, which took place a kw 
moments after, the defccnt became very gentle and 
gradual. In this defcent a remarkable cii*cumftancc 
was obfcrved ^ namely, that the parachute with, the 
appendage of cords and baflcet, foon began to vi- 
brate like the pendulum of a clocky and the vibra- 
tions were fo great, that more than once the para- 
chute, and the baflcet with Mr. Garnerin, feemed 
to be on the fame level, or quite horizontal, which 
appeared extremely dangerous : however, the ex* 
tent of the vibrations diminiflied as he<:ame pretty 
near tq the ground. On coming to the earth, 
Mr. Garnerin experienced fome pretty ftrong 
fhocks, and when he came out of the baflcet, he 
was much difcompofed 9 but he foon recovered 
his fpirits, and remained without any material 
hurt. 

As foon as the parachute, &c, was feparated from 
the balk)on, the latter afcended with great rapidity, 
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and, being of an oval form, turned itfelf widi its 
longer axis horizorital. 

If it be aiked, what ufe can be made of the pa- 
rachute, we can only anfwer, tfa^t it may be ufed 
as a precaution ; viz. it may be attached to a bal- 
., 16^ \ and, in cafe the balloon fhould take fire or \ 
burft, the aei'onaut lAight defcend by t^ afliftance ' 
of the parachute. 

For farther particulars relative ' to |:he difcovery 
of aeroftatic machines, and of the various aerial 
voyages made foon after that difcovery, as alfo for 
the prafticai part . of the fuhjed:, fee my Hiftory 
tnd Praftiqe of Acroftation, 
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FACTS ESTABLISHED BY THE VARIOUS AEROSTA* 
^. TIC EXPERIMENTS. 



TWENTY years are now fully elapfed fince 
the aeroftatic machines were firft invented. 
The- experiments in this new branch of natural phi- 
lofophy have been frequently repeated, and often 
diverfified. Few accidents have happened ; but a 
vaft number of aerial voyages haye perfcftly fuc- 
ceeded ; and if it be confidered that mod of the ad-- 
venturers have been perfons Httle, if at all, fkiUed 
in philofophy or mechanics, we may with more 
propriety wonder that a greater number of difa- 
greeable accidents has not happened. "The fimila- 
rity with which a vaft number df fuch experiments 
has been performed, might enable the hiflorian to 
defcribe a great many aerial voyages wich the very 
fame words, faving the change of date, an<i of a few 
other uninterefting particulars ; we hive, therefore, 
felefted for the preceding' chapter^ fuch experi- 
ments as were attended with more remarkable 
rcfults, whence the reader may derive a com- 
petent idea of the whole fubjedi and, in order 
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to aflift as much as poflible the formation of an idea 
fufficiendy comprehenfive of aeroftation in general, 
we fhall fubjoin a ftatement of the moil remarkable 
particulars that have been deduced from the refulti 
of experiments. 

Two forts of aeroftatic machines have been dif- 
covercd> viz. one to be fillcd.with rarefied common 
air; the other to be filled with hydrogen g|$ (in- 
flamrriable air). The efFeft of thofe machines is to 
lift up a certain weight into the atmofphcre, wherein 
» they rife t6 a greater or lefs height, according as tky 
are more or lefs light than an equal bulk of* common 
air/ The firft fort nnay be filled either by applying 
a fire clofe to its aperture, only before it goes up, 
which introduces a quantity of heated and rarefied 

• 

air into the machine ; or by adapting a fire-place to 
the neck of the machine, wherein the fife may be 
continued. In the , firft cafe, the aeroftat remains 
only a ftiort time in the atmofphere, viz. until tlic 
enclofcfi air cools, and becomes nearly of the fame 
temperature as the circumambient air. In the fecond 
cafe the machines remain in the air as Ions: as the 
fire is continued in the fire-place. The inflamma- 
ble air-balloons remain in the air as long as a fuffi- 
cient quantity of .gas remains within them, which 
amounts in general to feveral hours, according to the 
quality of the ftu6^ which forms the envelope. 

The ^ir rarefied as much as is pradlicable in fuch 
machines, is by no means fo light as an equal bulic 
of hydrogen gas; hence, in order to fupport a given 
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xreight, an aeroflatic machine, with rarefied air, 
nuft be larger than one with the gas. In-ordet to 
Tupport a fingle man of a mean fize, a machine of 
rhe firft fort ought to be about 30 fcet io diameter; 
of the latter fort it will juft do if the diameter be. 20 
feet. 

In the atmofphere, the machine is at reft with re- 
fpedl to the furrounding air; hence it moves with 
that air ; and hence the aeronauts feel no wind^ nor 
any difturbance whatever, excepting in the above- 
menuoned cafe of the duke of Chartres ; fo much 
lb, that they hear their leaft whifpers with "great 
diftindlion, and it is remarkable that they feel no 
Qckncfe or giddinefs. 

Several attempts have been made to dircft the 
aeroftatic machines out of the direftion of the wind^ 
but the contrivances have not met with any ufeful 
eSeft. The oars or wirigs, or fuch other mecha- 
nifms, intended to lei; the balloojn move in a direc- 
tipn either contrary or oblique to that of the wind, 
have a very trifling effedt j for inftance, in a per- 
fect calm, by the management of the above-rmenr ' 
tioned wings, the machine might perhaps be moved 
at tbcrate of about half a mile per hour; then if 
the balloon, with a ^moderate breeze, move in a 
certain direftion at the rate of about, 30 miles per 
houri it is evident that the adkion of the wings, when 
managed by one or two ftrong men, can hardly 
caufe the deflcAion of the balloon ffom the di- 
redion of the . wind in any fcnfiblc or ufeful de- 
gree, . 

What 
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What is the ufc, and what is the adva/itage, which 
the human fpecies has. derived, or is likely to derive, 
fiom the ufc of fuch machines, i« an important 
queftion, to which as much attention (hould be paid 
as the ftate of the fubjedt will admit of* During 
the firft five or fix years after the difcovery, aero- 
ftatic machines excited an unparaildled enthufiafm 
throughout the civilized part of the world ; pcrfbns 
of every- rank eagerly fought to learn^ to fee, 
and to promote, the new difcovery. . Liberal fub- 
fcriptions have aflifted the enterprifers in almoft 
every part of Europe and elfewhere j and perhaps 
an indifferent eye was never turned away from the 
exhibition .of aeroftatic experiments ; yet indepen- 
dent of the pleafure which arifes from a view or fiom 
the performance of fuch experiments, the human 
Ipecies has not derived any real advantage from the 
fubject of aeroftation. The expence, the timp, and 
the trouble, which attend the conftruftion, and the 
ufc of aeroftatic machines, will perhaps ever prevent 
their being ufed as vehicles for travellers, efpecialiy 
confidering that they can only move in the direc- 
tion of the wind, which is frequently unfavourable, 
and always uncertain. Neverthelefs in certain cafes 
the ufe of balloons might be not only advantageous, 
but the only one prafticable. During the late wars 
on the continent, it is faid that the French made 
great ufc of balloons for reconnoitring the pofition 
of the adjacent country, or of the armies of their 
enemies. For this purpofC;, an inflammable air- 
^ ballooii, 
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balloon, jafl: ftifficithf^ fo hold a fingleperfon, wa$ 
feftcncd by a flender cordVatid was permitted to rife 
not higher than thfec or four hundi^ed fectj from 
which elevatioh the obfcrver could eafily fofrna plan 
of the courttry^ or army^ gfc. 

With refpeft to philofophical experiments in the 

ktmofphere, little has been done by means of bal- 

. loons ; noir can much be expe6fed to be done, unleft 

pcrfons of feal knowledge and ability be employed 

dnd afliftcd in the enterprife. 

It has been generally obfervdd by aei^oriauts, that 
llurirtg the abftrtce of the fun, the cold in the upper 
fcgions is cpnfidcrable 5 but the dircft rays of the 
fun produce much heat, which is rendered more 
likdy by Confld^Kng that the air about the aeronaut 
. and balloon, is refpeftively at reft> and cannot 
diflipate the heat, as the wind does with refpe<5t to 
a perfon who Hands on a mountain. The cold of 
die atmofpherc increafes, ceteris pafih^, with the 
increafe of diftancc from the earth 5 but the greateft 
height, to which aeronauts have afcendedj . though 
not prccifely known j feems to be about 16003 
ftet. They feldom fpeak of having felt any uncaG^ 
ttcfs with refpcd to refpiration, or other anirrtal 
funftion. 

. I was told 6f a magrtcrii: ejirperiment faid to have 
been niade by three gentlemen, who af9ended with 
an inflammable air-balloort from the vicinity of 
London, on the 3d of June 1785. They obferved 
that a magnet> when in the atmofphere, would not 
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hold nearly as much weight as it did when it ftood 
as ufual on the furface of the, earth* 

Relative to the conftrudion'^ of aeiioftattc ma* 
chines^ the following particulars may be of ufe to 
thofe who are defirous of performing (iich ezperi- 
• mcnts. 

The two forta of aeroftatic machinf^s h«ye their 
peculiar advantages and difad vantages. Thofe with 
rarefied air are lefs expenfive^ though they muHi 
iueteris paribus ^ be larger than thofe. of the other 
fortp The former, if fmallj arc made of paper; 
and when they are required to lift up con(idend)ie 
weights, fuch as men and other things, they are made 
of ftrong coarfe linen, which has ibmctimes been 
lined with paper. WHen made^ it wou)d be not 
improper to dip them once in a folutioa of alunii 
and then to dry them ; in that ft^e being le(s liabk 
to take fire. But the greateft objection tp the vk 
of fuch aerodats, is, that they require a confiderahk 
quantity of fuel, which, beyond a ceruin meafuie, 
, cannot be admitted into the gallery ; in fa6b^ the aerial 
voyagqs that have been made with this fort of ma- 
chines, have all been of fhort duratioQ. Befides, the 
neccffity of keeping up the fire is a continual fourcc 
of trouble and of danger. However, as the mate- 
rials and the fuel for ^he conflru<5tion a<id ufe of fuch 
machines, may be found almoft every where and at 
a moderate rate, vtheir ufe may juftly be recom- 
nriended for experiments, efpecially where the ma- 
terials neceffary for the other fort of balloons cannot. 

be procured. 
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The inflammable air-balloons are confiderably 
more exp^rifive* Nothing has been found more 
advantageous for their envelope^ than oifed, of ra- 
th^f.vami(hedfilk^ which is by no means a cheap 
ftrtick, cfptfcially in England* Refpcding the pro** 
dudion of thtf gasf^ the 6tilyimethod praftifcabJ^e fot 
thi^ purpofe, is to life the hroii turnings^ which may 
be had at various iron mailvfadtories, ahd diluted 
fulpHuric acid. I do not proceed to ftate in this 
place the utmoft quantity of hydrogen gas that a 
cbemift ean cikita& in his laboratory, from a given 
.qgantitf of iron and acid ; fincc that prccifion of 
' opefation cannot be C3cpe<9:cd with large proceflcs, 
fiKh as are' n^effiuy to fitt a balloon in the' open air^ 
and wich a coarfe apparatus-i but I fhaJU ftate one of 
the moft economical operations for filling abaUooii, 
which came to my notice when Mr. Blanchard made 
an aerial excurfion with a ballqdn of only 20 French 
feet (about. 21 Englilh) in diameter, from which 
. the reader may judge of fimilar operations. That 
balloon was completely filled by the ufe of 1000 
pounds weight of iron turnings, and IC50 pounds 
weight of fblphuric acid. The iron, however, was 
too much, and 900 pounds weight of it might have 
fufficed. The capacity of that balloon was. 4849 
cubic feet, Englifli meafure. The apparatus for the 
operation of filling it confided of only four caflcs, 
each having a tqbe which communicated with a 
common receiver inverted in water, whence the gas 
.was conveyed into the balloon, which was fufpcnded 
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over it. The capacity of each ca(k was i ao ganongf 
The operation lafted between 10 and 1 1 hours. 

Notwithftanding the much greater expence and 
trouble which attend the conihuftion and the filling 
of this fort of balloons, it mufl: be acknowledged 
that they are by &r the mod ufeful and moft pleafant 
aerial vehicles. Once fuUj they r^uire very littU 
attendance ; and, by a proper managetnent of the 
ballaft, the aeronauts may keep them up for a con- 
fiderable time. A balloon of. this fort, not above 
3,6 feet in diameter, if properly conftru^bed, proper- 
ly filled, and dexteroufly managed, might keep up 
in the atniofphere two peribns of moderate weighs 
perhaps longer than 30 hours-— dme fufficient, with 
a pretty good wind> to crois the whole continent of 
Europe. 
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V 

I » 

•F METEORS \ AND OF THE STONY SUBSTANCES. 
WHICH, AT VARIOUS TIMES, ARE SAID TO HAVE. 
FALWN ?KOM TH^ SKY. 



GENERAL and frcquenfobfervation Ihcws 
that fogs, mifts, dews, rain, fnow, and hail, 
&11 more . or lefs copioufly from jhe atmofphcrc 
upon the furface o/ the earth \ and that all thofe 
bodies confift of the fame fubftance, namely, water, 
cither in the ftate of fleam, or of fluid water, or, 
laftly, under a congealed form. 

Though we cannbt rightly underftand the mecha^* 
nical operation by which Water is converted into va- 
pour, and vice verja^ yet it is in gweral known, 
that water reduced into vapour, afcends in the at- 
mosphere, and forms the clouds j alfo that after- 
wards the clouds are refolved into water, which, 
according to its quantity, and according to the va- 
rious temperatures or other ftates of the atmofphere, 
dcfcends, under various forms^ on the furface of the 
earth. , 

The ele(Stricity> which experiments (hew (as has 
l)ecn mentioned in the preceding volume) to be 
jroduced ajc the time of the converfion of water into 
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vapour, and like wife at the converfion of vapour 
into water, fcems fiifficicnt to account for the thun* 
der and lightning, which pretty often accompany the ' 
clouds, But independent of thofe cflFcaS;i th^frc 
have been obferved in the atmolphere two other 
forts of phenomena, which the prefcnt ftate of phi- 
lofophical knowledge is not fufficient to explaini 
nor can even offer an hypothecs fufikienily plaufible 
for their explanatioq. \ mean, firft, thofe luminous 
apparitions generally known mpder the nam of 
mttiors \ and, 2dly, the ftony fub^ances w)iich at 
various times are fajd to have fallen oq (he fur&ce 
of the earth. 

The, concurrence of feycrar obfervations fcpaisto 
fhew, thaj $herp is a coniijjerablc connc6iioo l)«- 
tween thofe phenon(iena, and it is on this account 
that a compendious examinatioi^ qf bpth h^ bf^Q 
placed' in ^his f^m^ fe^^ioq^ 
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OF MXTEORS* 



TH E fudderi apparition and Ihort duration of 
luminous bodies in the fky, of different fize, 
add generally of quick motion^ feems to have been 
obferved from time immemorial j for we find ac-J ' 
counts of fuch apparitions in a variety of ancient 
authors;, who, according to the different fhapcs of 
fbofe phenomena, gave them the naipes oi faces y or 
^f&fo*, or flanma^ &c. and in Ikttcr times they are 
denoted by the different names of Jheotin^-ftarSf balls 
offire^ or tneteors. 

Not much information can be derived relative to' 
thole phenomena from ancient accounts, which are 
pioftly too fhort and incorreft ; or they are involved 
in myftery, and diftorted by exaggerated expref^ 
fions; but the obfervations of latter times, efpe- 
cially thofe which come within our remembrance, 
afford much more fatisfaftory information. The 
mod magnificent meteor of latter times, was fecn 
on the 1 8th of Auguft 1783 j and as I had the good 
fortune to obferv^ it from a moft eligible fituatioh, 
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' w\%. from the terrace of Windfor caftlc j I ftiall traa-^ 
fcribc the account which I fcnt to the Royal Societyj 
from which the* reader may form a competent idc^ 
of meteors in genferal. I fhall then fubgoin the. ob- 
fcrvations made on other meteors, whence the fitnit 
larity or the diffirpilarity of particuUr circumftancc? 
inay he eafily feen. 

The following account was formed from the con-? 
curring obfervations of a few intelligent friends with 
whom I then happened to be ii^ companyj^ cytry 
one of whom mad^ fome particular remark. 

On the evening of the i8th of Ai^ft 1783,-^^ 
were (landing upon the nortb-c;aft qor^ncr of the 
above-mentioned terrace. The weather was cabn, 
»nd agreeably w^rm 5 the fky waS ferenc, cxcep^g 
very near the horizon, where a hazincft juft pr^ 
vented the appearance of the ftars. A harrow, 
* ragged, and oblong cloud ftood on the north-weft 
fide of the heavens, reaching from the extremity of 
the hazinefs, which rofe as high as 18 or 2odcgreeSi 
and ftretching itfelf for feveral degrees towards the 
eaft, in a direftion nearly parallel to the hprizon. 
It was a litde below this cloud, and confequently in 
the hazy part of the atmofphere, about the N. t^ 
W. I W. point of the compafs that this luminous 
mctedr was fii ft perceived, Som^ flafhes of lam* 
^ ' bent light, much like the aurora toreaiis, were firft 
obfcrvcd pn the northern part of the heavens, which 
were foon perceived to proceed from a roundifti lu- 
|X)inous body^ nearly as big in diameter a^5 the fcmi- 
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diameter of the moon, and almoft ftationary in tho 
^bove- mentioned point of the heavens. It was then 
about 25 riiirtutes after nine o'ciogk in the evening. . 
This ball at firft appeared of 4 -faint blgifti light, 
perhaps from being juft kindled, or from its ap^ 
pearing through the ha^inefa ; but it gradually in-^ 
creafed its light,, and foon began to move, at firft 
afcending above the horizon in an oblique dirc£lioa 
(owards the eaft« Its courfe i|i this dire^ion was 
very Oiort, perhaps of five or fix, degrees ; after 
• which it diredlied its courfe towards the eaft, and, 
moving in a direftion nearly parallel to the horizon, 
reached as far as the S. p, by E. point, where it 
finally difappeared. The whole duration of the 
meteor was half a minute, or rather lefsj and the 
altitude of Ks track feemed to be about 25"* above ^ 
the horizon, A fhort time after the beginning of 
its motion, the lumiqouis body pafied behind the 
above-mentioned fmall cloud, to that during this. 
paflTage we qbferved only the light which was caft in 
the heavens from behind the cloud, without adtually 
feeing the body from which it proceeded for, about 
the fixth or ^t moft the fifth pare of its track ; but 
as foon as the meteor emerged from behind the 
cloiid, its light w^s prodigious. Every objeft ap^ 
peared very diflitift \ the whol? face .of the countty" 
in that beautiful profped before the terrace, being 
inftantly illumined. ;^t ^his moment the t)ody of 
the meteor appeared of ^n oblong form; but it pre- 
f^ptly acquire<^ a tail, afid fopQ after it parted into 
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feveral fmall bodies, each having a tail^ or elonga* 
tion; and all moving in the fame direftion, at a 
fmall diftance from each other, and very little be- 
hind the principal body, the fize of which was gra- 
dually reduced afcer this divifion. In this form the 
whole meteor moved as far as the S. E. by E« pcrim, 
where, the light decreafing rather abruptly, the Whole 
difeppeared, , 

During the phasnomenon, no noife Was' heard by 
any of our company, excepting one pcrfon, who 
imagined to have heard a crackling noife^ fomething 
like that which is produced by fmall wood when 
burning. But about lo minutes afcer the.difap^ 
pcarance of the meteor, and when we were juft 
goin^ to retire from the terrace, we heard a rumbjing 
noife, as if it were of thunder at a great diftance, 
Which, in all probability, was the report of the 
meteor's explofion ; and it may be naturally ima- 
gined that thi5 explofion happened when the meteor 
parted into fmall bodies, yi^* at about the middle of 
its crack. 

Now if that noife was really the report of the 

« 

explofion, which happened at the above-mentioned 
place ; the diftance, altitude, courfe, and other par- 
ticulars relating to this meteor, muft be very nearly 
fuch as are expreffed m the following lift ; they be-* 
ing calculated with mathematical accuracy upon the 
preceding particulars, and upon the fuppoficion that 
found travels at the rate of 1150 feet per fecond. 
But if the nqife we heard was not that of the 

meteor's 
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, meteor's explofidn, thpn the following refults irfuft 
be conficjcred as quite ufelefs and erroneous, 

Piftance of the n^eteor from Windfor 

caftk - - r - - 130 miles, 

J^cngth of the path it defcribed in the 

heavens * r r - - - 5^0 miles. 

Diameter of the luminous body when 

;t came out of the clouds - - 1070 yards. 

Its height abQvc the fujrface of tf^e, earth 56! miles. 
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The explofion muft have happened perpendicu- 
larly p*er Liricolnliiire *, 

Such is the account which I wrote the day after 
the appearance of the meteor j and it is remarkable 
that the abovermentioncd particulars were aknoft 
entirely confirmed by various other accounts of the 
fame meteor, which were afterwards either fcnt to 
the Royal Society, or inferted in different pub- 
lications. ' 

Thofe accounts, which were fent from yarioui 
parts of this i(Iand, as alfo from the continent, con« 
firmed, as nearly as c^n be expedled, the above- 
mentioned refults refpediing }ts fize, velocity, ele- 
vation, and exploQon, over Lincolnfhjre ; bux this 
nieteor rnuft have certainly had its origin much 
farther north than we imagined j and indeed, on 
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account of the intervening cloud, it was impoflibic 
for us to perceive it at an earlier part of its courfc. 
It is alfo probable that it muft have gone Or terminated 
at a much greater diftance than it appeared tq us; for 
a$ its light diminiflied until it vanifhcd, we muft 
naturally hi^ve loft fight of it fooner than thofe who 
flood farther fouth on the continent. The various ac- 
counts feem to eftabliih, that; it§ courfe commenced 
beyond the northern extremity of this ifland, pro- 
bably fomewhcre over the northern ocea.a. It; 
pafled a litde weftward of Perth, and perhaps a 
little eaftward of Edinburgh: it proceeded over the 
fouth of Scotlandjj Northumbtjrland, the biftjoprig 
of Durham, Yorklhire, Lincobfliire, over which it 
feemed to have deviated gradually to the weftwardji 
and in the courfe of that deviation, to have fuffered 
the burfting or partition, it then pafled over Canv 
^bridgefliire, Eflex, and the Straits of Dover, enter* 
ing the continent probably not far from Dunkirk, 
where, as well as at Calais and Oftend, it was 
thought' to be vertical. It was feen at JBruflcls, 
Paris, Nuits in Burgundy, and, it is faidj, eveq at 
Rome. Upon the wKole it mvift have defcribed a 
track upwards of looo miles in about half a mi- 
nute i an aftonilhing rate of going, vaflly fwifter 
than the motion of found. 

Such are the particulars of this magnifi<jent; 
meteor, which undoubtedly was one of the largeft, 
^d with which ' feveral other accounts may be 

co^npared 
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compared for the fake of forming fome general idea 
of the fubjeft. 

I am unwilling to aflerr^ though I have no parti-* 
cular rcafon to deny, that the large metcors> fuch 
as .we hiive defcribed> and thofe which are com- 
monly called (hooting-ftarsji have a common origin^ 
or are of-thc fame nature, and differ only inlize* 
Our utter ignorance of their nature, and the want of 
accurate obfervations, do not enable us to form any^ 
other diftinftion. It appears then, that the number of 
meteors Is immenfe j for the (hooting-ftars, or the 
meteors of the fmilkft fize, are to be feen in plenty 
every clear night. Some of them are fo fmail las to 
be accidentally feen only through telefcopes, others 
are vifible to the naked eye that happens to be di-* 
' redted to that part of the (ky ; whilft others., by 
caiting more or lefs light, excite attention^ and are 
remarked. 

The apparent fize of thofe meteors is various ; 
but their apparent motions, when they happen to 
^MtOi their courfe nearly at right-angles to the 
fpeftator, feenri, not to differ much : whence we may 
conclude that tliey are nearly at equal diftances from 
< the earth ; and of courfe they mull a6tually differ ip 
fize. This point, however, is much in want of 
confirmation, and it might be wifhed that three or 
four obfervers, in a pleafant autumnal evening, 
were fituated at' certain diftances (-for inftance lo or 
ao miles) from each other, and would endeavour 
to remark the aUtitudes of all the fhooting-ftai^s they 
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law, together with the time of their appc^faficei. 
The altitude may be eafily afcertained by obfenriflg 
the ftars over or near which the meteor pafSfs^ and 
by referring it to a common celeftial globe^ redified 
/or the latitude of the plaC^ add time of the appari« 
tioi^ &c. By this means* the altitudes aboVe the 
fuHace of the earth, of thofe diminutive' meteors^ 
might in great meafure be afcertline^* With refped 
to large meteors, whole altitudes have been pretty 
ivell eftimated, it is remarkable that thejr luivs beea 
found to be nearly at the fame height. A meteor 
' mentioned in the 51ft volume of the Philofophical 
Tranfaidions, feems to have attained the height of 
nearly 50 miles. In the a6ts of the Academy of 
Sciences at Paris, for 177 1« a meteor is deftribed 
which was fcen on the 17th of July i77t; aed it 
was reckoned to have been 54 miles high when it 
began, and 27 when it exploded. The greateft al- 
titude of the meteor of the i8tb of Auguft 178 j, 
was about 56 milps with reipeft to fize,; a fe^on 
where the air is at leaft 30000 times rarer than near 
the earth. 

This fame meteor of the i8th of Auguft, wis 
certainly one of the largeft ,' fome accounts, how- 
ever, make mention of a few larger meteors having 
been feen \ but it muft E)e obfcrved that the daz- 
zling light of fuch bodies always tends to imprefs 
the mind o{ the obferver with an enlarged ide^a of 
their fizes. 

The fhapes of fuch bodies have been differently 
defcribed. They have been compared to torches, 
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pillars, barrels, paper kites, &c. &c. -which fhews 
that they muft really be of different forms; yet it 
is evident that moft of thofe varieties muft arifc from 
the different pofitions of thofe bodies with refpeft 
to the obfervers. Their moft ufual form is nearly 
globular^ generally having a fort of tail or elonga- 
tioq^ which is of various lengths in different meteors, 
and chai!igeable in the very fame meteor. Some 
meteors fcem to preferve their ftiapes during their 
appearariCe, others change it, and frequcnriy they 
arc divided, or burft, into fmaDer bodies. The 
(ame mector has been £bmetimes obferved to burft 
Siore times than once di>ring its appearance. ' 

. Ac the time of the apparent biirfting, a hollow 
fouind, like that of diftant tjiunder, or a much ffiarper 
iCbund, has often been heard j and fomc of the me- 
teors that have come nearer to the earth, have beent 
attended with a hiffing, or a fort of rattling noife, 
during the greateft park of their courfe. 

The colour and fjdendour of meteors vary con- 
fidcrably ui different meteors, as alfo in the fame me- 
teor throughout its courfe. In general it is white, 
with a Ihade of blue. Their luftre has fometimes 
exceeded that of the moon, and it is related, that 
meteors have been feen even in the broad day-light, 
and full fun-ffiine. 

The duration of the appearance of meteors has 
hardly ever exceeded half a minute i and it is often 
fo inftantaneous as to be barely perceptible. 

That meteors have, laftly, ended their courfe' 
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the furface of the earth, Or that fomething hafd iiai 
fallen from them, has been afferted irt yariom ad^ 
counts ; amongfl: which I (hail tranfcribe the follow- 
ing, which is Very circumftantially related by John 
Uoyd Williams, Efq. in the Philofophical Trant 
adions for 1802. This gendeman being in India^ 
and having heard of an extraordinary phenomenod 
which had juft happened, made particuJan inquiries 
concerning it* ** The information," he fays, " I 
obtained was,- that on the 1 9th of December 1 798/ 
about 8 o'clock in the evening, a very luminous 
meteor was obferved in the heavens^ hy the inhabi- 
tants of Benares,, and the parts adjacent^ in tihc 

« 

form of a large ball of fire ; that it was accompa^ 
iiied by a loud noife, refembling thunder ; and chat 
a number of (tones were faid to have fallen fromic^ 
hear Krakhut, a village on the north fide of the 
river Goomty, about 14 miles from the city of 
Benares. 

" The meteor appeared in the weftern pirf of 
the hemifphere, and was but a fliort time vifiblc ; 
it was obferved by feveral Europeans,- as well as na- 
tives, in different parts of the country^ 

" In the neighbourhood of Juanpoori aboift 12 
miles from the fpot where the ftones are faid to hav^ 
fallen, it was very diftinftly obferved by feveral Eu- 
ropean gentlemen and ladies ; who defcribed it as a 
large ball of fire, accompanied with a loud rumbling , 
noife, not unlike an ill difcharged platoon of muf- 
quetry. It was alfo fcen, and the noife heard^ by 
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.various perfons at Benares. Mr. Davis obferved 
tbe light come iiup the room where he was, through 
a glafs window, fo ftrongly as to proje<5t fhadows 
from the bars between the panes, on a dark-coloured 
carpet, very diftinftly ; and it appeared to him as 
luininous as the brighteft moon-light. 

*^ When an account of the fall of the ftones 
reached Benares, Mr. Davis, the judge and magi- 
Urate of the diftrift, fcnt an intelligent perfon to 
tnake inquiry on the fpot. When the perfon ar- 
rived at the village near which the ftones were faid 
to ha^e fallen, the natives, in anfwer to his inqui- 
ries, told, him, that they had either broken to pieces, 
of given away, to the Tefleldar (native colleftor) and 
others, all that they had picked np j but that he 
might eafily find fome in jhe adjacent fields, where 
they would be readily difcovcred (the . crops being 
then not above two or three inches above the 
ground), by obferving where the earth appeared to 
be recently turned up. Following thefe direftidns, 
he found four, which he brought to Mr. Dkvis: 
moft of thefe, the force of the fall had buried, ac- 
cording to a meafure he produced, about fix inches 
deq), in fields which feemed to have been recenriy 
watered ; and it appeared from the man's dcfcrip- 
rion, that they muft have lain at the diftance of about 
ICO yards from each other. 

*^ What he further karnt frona ^ inhabitants of 
die village, concerning the ph '*■ thac' 

about S o'clock in the «i^ 
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their habitations, they obfervcd a. very bright light, 
proceeding as from the Iky, accompanied with a 
loud clap of thunder, which was immediately fol- 
lowed by the noife of heavy bodies falling in the 
vicinity. The firft circumftance which attradcd 
their attention, was the appearance of the earth 
being turned up in different parts of their fields, as 
before-mentioned, whe^e, on examining, they found 
the ftones, • 

" At the, time the meteor appeared, the Iky was 
perfeftly ferene/ not thefmalleft veftigeof a cloud 
had been ktn fince the nth of the month, nor were 
any obferved for many days after. 

^' Of thefe ftones, I have fecn eight, nearly per* 
fed, bcfides parts of feyeral others, which had been 
jbrokcn by thepofleflbrs to diftributc among their 
friends. The form of the more pcrfcft ones, ap- 
peared to be that of an irregular' cube, rounded off 
at the edges s but the angles were to be obferved on 
mdft of tliem. They were of various fizes, from 
about three to upwards of four inches in their largcft 
diameter ; one of them meafuring 4 I inches, 
weighed two pounds and 12 ounces. In appearance 
they were cxadly fimilar : externally, they were 
covered with a hard black coat or incruftation, 
which in fome parts had the appearance of varnifh, 
or bitumen 5 and on moft of them were fra6tures, 
.which, from their bejng covered with a matter 
iimilar to that of the coat, fecmed to have been 
nQade in the fall, by the Hones itriking againft e^cb 
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other, and to have paffed through fome medium, 
probably an intenfe heat, previous to their reaching 
the earth. Internally, they confided of a number 
of fmall fpherical bodies, of a flate colour, eni- 
bedded in a whitiQi gritty fubftance, interfperfed 
with bright Ihining fpiculas, . of a metallic or pyriti- 
cal nature. The fpherical bodies wiere much harder 
than the reft of the ftone: the white gritty part 
readily crumbled, on being rubbed with a hard 
body ; and, on being broken, a quantity of it at- 
tached itfelf to the rnagnet, but more particularly 
the outfide coat qr xruft, which appeared almoft 
wholly attraftatle by it.'' 

It fcems from this account, that the meteor con- 
fifted of a large body, which burft at the time 
wheathe report was heard, and that its fragm.ents 
fell to the earth. — The principal remarks^ which. 
4iavc been made concerning thofe and other ftony 
fubflances, faid to have fallen from the (ky, will be 
found in the following chapter. 
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CHAP. n. 



OF THE STONY BODIES WHICH ARC SAID TO HAYt 

FALLEN FROM THR SKY. 



TH E writings f ven of the jcmoteft antiquity, 
the verbal traditions of nnpft nationSi and va*- 
rious circumftantial accounts, of nnodern times, affcrt 

m 

that ftones, or ftony and metallic concretions of 
various fizes, have, at different times, fallen from 
heaven upon the furface of the earth. 

Ignorance and fuperftition have frequently attri* 
bated a facred charafter to thofe ^traordinacy 
ftones 5 but fince fuperftition and impofture are 
nearly allied, and as the formation ^ of fqch folid 
bodies in the fky is utterly unaccountable in the 
prefent ftate of philofophical knowledge, the fall 
of thofe celeftial ftones, though 'generally' believed 
by the vulgar, has been as generally difbelieved by 
the learned, part of the human fpecies. 

Every fingle account of this fort might perhaps 
be reje<Sed without impropriety j but the repeated 
affertions of a great many authors in almoft every 
age i the accounts of recent cafes of ;his fort that 
have happened in the prefence of witneflcs, living 

at 
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at this very time, who have been examined and in- 
terrogated with all the formality and circumftantiil 
niinutenefs that fcepticifm could denniand 5 and, 
above all, the ufong evidence which arifts from 
the chemical analyfis of various ftones of this forf, 
which have been collefled at difFerent times^ and ih 
ihoft diftant countries, are more than fufEcient to 
cftablifh the general faA in the minds of impartial. 
perfons ; and only leAve for pofterity the duty of 
examining with the greateft attention, and of re- 
cording with minurenefSj, all the cireumftapces that 
may attend future cafes of this fort ; whence the 
origin and the nature of fuch wonderful phenomena 
may be • fatisfadority inveftigated. 

We ane mufch indebted to Edward King, Efq.* 
and to Dn Ghlodni f , for having collefted a great 
liumber of accounts relative to this fubjeft, and fof 
.having ably compared them with each other ; and 
we are principally indebted to Edward Howard, 
Elq* for a dareftrl analyfis . of various ftones faid to 
have fallen from heaven* 

The fall o{ aflies^ and even of red-hot ftones in , 
the vicinity of volcanos, at the time of an eruption, , 
are fo evidently owing to the eruption, that no doubt 
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• Sec his Remarks concerning- Stones faid U have fk 
from the Qouds^ both in thefe Daysy and in ancient TiHk 
London, 1796. 

f Se«e his Traft concerning the (bppf^ 
Mafs of Iron* found by Dr. F^allas in SiiM 
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can be entertained conecrning the fa6t. The ignited 
matter, accompanied with very denfo fmokc, is fcep 
to rife from the crater of the yplcario, and is pro- 
jefted into the air, even to the perpendicular height 
of feveral miles * ; the thick, dark fmoke forms a 
cloud of vapour and afties, which is extended by the 
wind in its direftion, over a great extent of country, 
fometirpes amounting to feveral hundred miFesi 
upon which it drops afiiesf, and in the oearcft parts 
even ftones of different fizes, according to the va- 
rious diftahces. But independent of thofe evident 
volcanic produdions, theftones of copfideiable fize, 
which are faid to haye fallen at diflferent Bine?* 
leem to have a different origin \ firft, becaufe they 
have frequently fallen at immenfe diftances from 
any volcano; and, fecpndly, becaufe thpfe falls have 
moftly happened at times when no volcanic eruption 
was known to haye taken place. It is not impro- 
bable, however, as Mr. King feprns to conjedturc, 
that fometimes, when aq extenpve clppd of afhcs, 
or earthy and pyritous particles, has been projeded 
from a volcano, and has been driven by the wind 



* See Sir Williani Hamilton's Account of an Eruption of 
Mount Vefuvi us, in the Philofophical Tranfadtions for 1795, 
page 9 1 and 92. 

. •{• At an eruption of Vefuvius, anno 471, the afjies went 
almoft all over Europe, and in plenty even to the city of 
Conftantinople. Carblus Sigonius, and MaYcelliaus Comes, 
make exprefs rpention of that 'great eruption^ , 

to 
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to a great diftance, thofe particles may have under- 
gone an efFervefcence, a rombuftion, and a fubfe- 
, quent agglutination, which foraied the ftooe. ' The 
fads, however, do not always feem to adniit of fuch 
a fuppofition. But before we attempt to aflert or 
to refute any hypothefis, it will be proper briefly to 
lilcntion fome of the lateft aiid beft attefted fads of 
this nature ; which I fhall moftly tranfcribe from the 
above quoted work of Mr. King. 

^' The well known and celebrated Cardan, in h;s 
book De Farietate Reruttty lib. 14, cap. 72, tells us, 
that he himfelf, in the year 15 10, had feen lao 
(tones fall from heaven ; among which one weighed 
120 and another 60 pounds'; that they were moftly. 
of an iron colour, and very hard, and fmelt of brim- 
ftoDe. He remarks, moreover, that about three 
o*clock, a great fire was to be feen in the heaVens j 
and that about five o'clock the ftones fell down with 
a rufliing noife." . 

*« It is related by Dr. Halley (Philofophical " 
Tranfaftions, N^ 341), that on the 21ft of May 
1676, a fire ball was feen to come from Dalmatia, 
proceeding over the Adriatic feaj it paffed obliquely 
over Italy, where a hiffing noife was. heard; it burft 
S.S.W. from Leghorn, with a terrible report, and the 
pieces are faid to have fallen into the fea,vvith the fame 
fort of noife as when red-hot iron is quenched or ex- 
tinguilhcd in water. Its height was computed to be 
not lefs than .3 8 Italian nailes ; anrd it is lai'^ * ^ 
moved with^ immenfc velocity;^ \ .] 
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long, at kaft as the luminous appearance feemed in 
its paflagc." 

The Abbi Stutz, afldftant in the imperial cabinet 
of curipfuies at Vienna, in a book printed at Leipfic 
in i790> defcribes two (tones faid to have fallen from 
. the clouds; one in the EUhftedt country in Gemnanjr, 
and another in the Bicbin civcXt in Bohenoia^ in Ji^y 
1 7 53. He alfo di^fcribcs two more which were fccn 
to fall not far from Agram, the capital of Croatia in 
Hungary ; concerning which, he relates that the 
bilhop of Agram caufed feven eye*-witnefle$ to be 
examined upon oath, and the fubftance of their evi- 
dence is, '^ that about fix o'clock in the afternoon 
of the 26th of May 175 1, there was fccn towards 
the caft, a kind of fiery ball, which, after it had burft 
into two parts, with a great report, exceeding that of 
a cannon, fell from the fky, in the form and appear- 
ance of twdf chains entangled m one another i whkh 
was attended with a loud noife, as if .a great many 
carriages rolled along. After this a black fmoke 
was fcen, and a part of the ball feertied to fall in an 
arable field ; on the fall of which . to the ground a 
ftill greater noife was heard, and a (hock was per- 
ceived fomewhat like an. earthquake. 

^^ This piece was after)vards foon dug out of the 
ground, which had been particularly noted to be 
plain and level, and ploughed jvift before; but where 
it was now found 16 have made a grert fiffure, or 
f left, an ell wide, whilft it finged the c^xth on the 
fidcfs. 
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** The other piece, which fell in a meadow, was 
alfo dug up, and weighed 16 pounds.'* 

The ftone which fell in the Eichftedt country, as 
mentioned in the preceding page, is faid to confift 
of alh-grey fand, agglutinated together, and inter- 
mixed with fine particles of native iron, and with 
particles of yellowifli brown iron ochre.- In fhort, 
it feems to confift of filiceous fand and iron. Its 
hardnefs is not very great. Its furfacc is covered 
all over with a folid malleable coat of nadve iron, 
like a blackifli glazing, about two lines thick, 
which was fuppofed to be quite free from fulphur. 
The whole eihibited evident marks of having been 
expofed to fire. 

The tcftimony of the fall of this ftone is as fol- 
lows t A labourer at a brick-kiln, in winter, when 
/ f-bc earth 'was covered with fnow, faw it fall down 
out of the atmofpherc immcdiitely after a violent 
clap of thunder. He inftandy ran to the fpot to take 
it out of the fnow ; but, finding he could not efFeft 
^ it on account of its heat, he was obliged to wait 
until it cpoled. The diameter of this ftone was about 
half a foot. It was covered all, over with a black 
coat like iron. ' 

** It is related in the Hiftory of the Academy of 
Sciences 1769, p. oo, that three mafles fell down 
with thunder, in provinces very diftant from one 
another ; and which were fent to the Academy in 
1769. They were tent from Maine^ jirtoiSi and 
CctenUni and it is affirmed, that, when they fell^ a 

hiffing 
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hiffing. was heard ; and that they were found hot. 
All three vittt like one another; all three were of 
the fame colour, and nearly of the lannc grain j and 
fmall metallic and pyritical particles could be diftin- 
guiflied in them ; and; externally, all three were co- 
vered with a hard ferruginous coat; and, on che- 
mical inyeftigatipn, they were found to contain iron 
and fulphur.'* 

'* On the 13 th of September 1768, about half an 
liour after four in the afternoon, there was feeh near 
the caftle cf Luce in Maine,' a terhpeftuous cloud; 
from which was heard an explofion of thunder, like 
the firing of a cannon, but without the appearance 
of lightnirfg : there was then heard a remarkable 
whizzing noife in the air ; and fome perfons tra- 
velling, on looking up, faw an opaque body de- 
fcending in a curved line, which fell in a green patch 
of ground near the high road to Motis. They all 
ran ipftantly to the fpot, and found a kind of ftone, 
one half of which y^as buried in the foil, and which 
was fo iDurning hot, th^t they could not poffibly 
, touch it. 

** This flone weighed feven pounds and a half* 
, was of a triangular, or rather of a pyramidal^ form- 
The. part which was buried in the earth was of a 
grey-a(h colour, and that which was expofed to the 
air was ^xtreniely black, covered with a very thin 
.black cruft, fomewhat puffed up in places, and 
which appeared to have been melted*. The interior 
part of the ftone, when examined with a magnifying 

. r ' glafs, 
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glafs, appeared of a grey pale afti colour, fpotted 
with a prodigious number of minute brilliant metal- 
lic fpots, and of a pale yellow. The interior part, 
when ftricken with fteel> woyld not yield any fparks i 
but the exterior coating did. 

" The fpecific gr^avity of the ftone was Z^SSS- 
And the chemical anajyfis of it, fliewed it to coni- 
tain, in lOO parts, 8| offulphur, 2(> of iron, and 
55 1 of vitrifiable earth," 

f^ On the 1 6th of June 1794, a tremendous 
cloud was feen in Tufcany, near Siena, and Radacd- 
fani 5 coming from the north, about 7 o'clock P. M. 
fending forth fparks like rockets, throyving out 
fmoke like a furnace^ rendering violent explofions, 
and blafts, more like thofe of cannon, and of nume- 
rous mufkets, than like thunder ; and catting down 
fo the ground hot ftones j whilft the lightning that 
iflfued from the cloud was remarkably red, and moved 
with lefs velocity than ufual. . 

The cloqd appeared of different (hapes, to perfons 
in different Qtuadons, and remained fufpended a 
long time ; but every where was plainly ken to be 
burning, and fmoking like a furnace; and its original 
height, from a variety of circumftances put together; 
feems to hav€ been much above the common region 
of the clouds. 

55 .'Xht teftimony, concerning the falling of the 
ftones from it, appear^ to be almoft unquelliona- 
blej and is evidendy from different perfons, who 
had no communication with eaci) other. 

" For, 
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/ '^' Fofr firft» the £dt of Ibiir ftoiies h .pr«d% 
4fcerwkiedi one of which ^nu <if an imgolar figtM, 
widi m {jokfli like that of ft dicmohd, .^ighii^ ^| 
potifids, tnd h«i a vitrtofie. fiJkdL Aindl another 
iveighed 3 1 pounds^ w4ft black on die outfide^ u if 
from V fmoke i uniy infttt^fy ftttiMftl ts6$tip6ki 
iof matter 0fthe dbibuf of al^^ in ^ch'wVM jM^ 
ceiiTQd fmaiU fpota «iC"meiak» of gdd Widfilvsr. 

«' Aifd befides'thefey Profefibr 96tdbu>i ol: Siift 

vas flktfW»' ibaot i | ottMf s, ' thtf AA-filNib^ 0f wtkh 

■ ifi^ gfazed \iiiteici like tf ibrt oif'v^ni} ittfiftt^ 

•cidS) and were too hdrd to bef firm^ched #hh lilt 

f)omc of a penkoife^ 

» Sfgr^i(^ A. MoilwAi, who ft# the eloed aiht 
was tra)9«Uing} defcribed i& al appeariD^mtich abort 
the common region of the c1oik3s> and as being 
clearly difccrned to be on fire ; and becoming white, 
by degrees, not only where it had a commonica* 
tion, by a fort of ftrcam of fnnoke and lightnings 
with a neighbouring fimilap cloud, but alio, at laft, 
in two- third parts of its whole mafi, which was ori- 
ginally black*' And yet he took notice, that it was 
j!Ot affe6ted by the rays of the fun, though they (hone 
fy\\ on its lower pares. And Jie could difcern as it 
were the bafon of a- fiery furnace in the cloudy having 
a whirling niotion; 

♦« This curious obferver gives an account alfo of 

a ftone, which he was aflbred fell from the cloud, at 

the feet of a farmer, and was dug out of thd ground 

into which it, had penetrated; and he. fays, that it 

*^ was 
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was about five inches long,, and four broad> nearly » 
fquarc, and polifhed ; . black on the furface, as if 
foioked, but within like, a fort of ftnd ftone, v^ith 
various fmall particles of iron, -and bright metallic 
ftaxs/* - ^ ' 

Other ftones are defcribed by him, which were 
faid to bj^ve fallen at the fame time, were triangu- , 
lar, and terminated in a fort of pyramidal or conical 
figure; and others- were fo fmall as to weigh r^ot 
more than one ounces 

In: the year 17 95* ^ ftorieof remarl^ble large fize 
was> faid to have fallen from heaven, near the IVold 
Cottage^ Yorkihire, which ftone was afterwards 
cjjihibited in London. The account of its fall is 
as follows : , . 

*^ In the afternoon of the 13th of December 179 J, 
nc^r the Wold Cottage, noifes were heard in the air. 
' by various perfons, like the report of a pifto), or of 
guns at a diftance at fea, though there was neither 
any thunder or lightning at the time;, two diftinft 
concuflions of the earth \yere faid to be perceived^ 
and a .hifling noife was alfo affirmed to be heard by 
other perfons, as of foqiething paffing through the 
ajir s and a labouring man plainly faw (as we are told) 
that fcmethirtg was fo palfing, and beheld a ftpne, 
as it feemed, at laft, (about 16 yards diftant from 
the ground) defcending^ and ftriking into the 
ground> which flew up all about him ; and, in- fail- 
ing, (parks of fire feemed to fly from it. 

" Afterwards 
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": Afterwards he vftnt to Ihe' places in coihptri/ 
with others^ who had witneffed psut'pf the piunio- 
iDena^. 4Uh1 dug'che ilone up ffoA die phd^ where 
it w^s buri^ about 2 1 inches deep. 

•* It fmclt (48 it is ftid) very ftrcftigly of fulphui', 
.when it was dug up ; arid was even wanti^ and 
fmoked. It was. found to be 30 inches in . leogdii 
drid 28 f inches in breadth i*and it wdghed 56 
pounds/* * 

This ftoiicj as it was exhibited^ appeared to htvff 
Wdark, black cruft, with feveral Concave impreffions 
on the outfide, which muft' have been . made. befiM 
it was quite hardened ; juft like what is relatedcdn* 
cerning the crufts of thofe ftones that fell in Italf. 
Its fubftance was not properly a granite^ (as de- 
fcribcd in the printed account that was diftributed) ; 
but a fort of grit-fioney compofcd (fomewh^at like the 
Hones faid to have fallen in Italy) of fand and aihes. 
There were in it a great many pyritous particld, 
and fonic fmall nifty fp^cks, perhaps dccompofed 
pyrites. It did not cffervefce with acids. It feems 
that, this excepted, fuch kind of ftones have never 
been founS in any part of England. 
' ", Mr.. Sou they relates an account, juridically au- 
tlicnticated, of a ftone weighing 10 pounds, which 
was heard to fall in Portugal, February 19, 1796, 
and was taken, ftill warm, from the ground *." 



* Letters written during a (hort rcfidence in Spain and 

Portugal, page 239. 

From 
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From the above and other fimilar accounts, 
which might hereto be annexed *, ■ the general faft 
of ftones having aftually fallen from the (ky, fecms 
to be eftablifhed beyond the* poffibility of a doubt. ' 
Oft account of the explofion, which generally attends 
their fall, thofe ftoiles have ofsen been called thunder- 
ftones y or t hunder- bolts i and it is vulgarly and pretty ge- 
nerally believed, that every clap of thunder is attendee^ 
Virith the fall of a (tone. But a wide diftinftion- muft 
be made between the above-mentioned, phenomena 
and the common thunder and lightning, -which are 

the efFefts of eledlricity difcharged from the clouds ; 

■» • • • . • 

and which have nothing to do with the fall of ftones. 
Yet it muft be obferved, that fometimes the two 
fpecies of phenomena are combined, and take place 
both at the fame time, as may be gathered from the 
preceding accounts; and the prefcnt ftate.of know* 
.ledge does not enable us to make a due diftihdion 
between them. The laft account of the preceding 
chapter, defcribing the fall of ftones near Benares, 
and the circumftances which have attended /imilar 
phenomena, leem to indicate that every meteor. 



-vr- 



* Befides the above quoted works of Mr. King and Dr. 
Chladni, the reader will find fimilar accounts in Falconet's 
papers upon Boetilia, inferted in the Hi/}, dcs Infcriptions et 
Belles Lettres ; ZdhrCs Specula Pbyftco-Mathematica Hijlo^ 
riana ; La Fiftca Satterrdnea di Giactnto Gemma ; and Mr; 
Howard^s elaborate and fatisfaftory Paper in the Philofophi* 
cal Trap{a(Slions for the year 1802. 
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\{\^c\\ as have been defcribed in that chapter, is owing 
to the formation > or ignition, of fomething foUd) 
which nrioves with wonderful rapidity, fnoftly through 
the regions of the atmofpherc vaftly above the ufual 
clouds^ and which, befides the hiding noife that 
moftly acconnpanies its courfe, generally burfiswitb 
one or more explofions, and laftly falls down upon 
the furface of the earth in a few or in a great nwny 
pieces. It feems, however, that the fall of the ftonc, 
which fell in Yorkfhire, was. not attended with any 
luminous appearance. 

Whence do thofe meteors or folid bodies derive 
their origin and their motion? is the gre&t defidera- 
tum; the important queftion, which the prefcnt ftate 
of knowledge docs not enable us to anfwcr, any more 
than by the- fuggeftion of hypothefes. A brief ftacc- 
ment of thofe hypothefes will conclude this chapter; 
but previous to this, it will be neceflary to adduce 
what may be called the ftrongeft evidence of fuch 

' ftones having really fallen from the (ky, viz. that 
evidence which arifes from their chemical analyfis, 
and their general external charafters. 

The mineralogical defcripcion of the ftones from 
Benares, the ftones from Yorkfhire, one of the 
ftones from Italy, and a ftone from Bohemia j all 
faid to have fallen from the flcy, as given by Count 
de Bournon, is inferted in Mr. Howard's paper ifl 
the Philofophical Tranfaftions for 1802, from which, 
in addition to what has been already mendoncd in 
the preceding accounts, it appears, that all thofe 

ftones, 
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ftoiusi whatever their fite may be, arc entirely co-- 
vered with a thin cruft of a deep black colour, un« 
Icfi they have been broken in thcit fall or otherwife ; 
for, in this cafe, the fur&<Se of the broken fide has no 
cruft. Their futfacc is quite deftitute of metallic 
glois, and is fprinkled with afperities. When 
broken, their internal texture is granulated, refem-r 
bling,moFe or lefs, a coarfe grit-ilone. By the uie 
of a lens, their component particles fecm to be of 
four Ipecics, the proportion of which fcems to vary a 
little in the different fpecimens. Thofe ingredients 
are, ifl:, A 'great abundance of grey or. brownifh 
globules of different fizes, which may be eafily 
broken in all direftions i their fra(5lure is conchoid, 
with a fmooth, fine, compaft, and fpmcwhat glofTy 
furfacej their hardncfs is fuch as to afford a few 
faint iparks when ftruck with fteel $ 2dly, A gra- 
nulated martial pyrites, of a reddifh yellow colour^ 
but black when powdered. This fubflance,^ which 
is irregularly diftributed through the inafs of the 
ftone^ is nofattradablc By the magnet ; jdly. Small 
particles of iron In a per&ft metallic ftate, which 
render the whole flone attraftable by the magnet ^ 
4thly, A fubftance of an earthy confidence, and 
whitifh grey colour, which fecms to cement and 
unite tlic other three ingredients, and from which 
all the others may be eafily feparatcd with the point 
of a knife, or even with the naiU- 

" The black crufl with which the furface of the 
Iboiieis coMcd, silthottghit is pf no great thicknefs^ 

VOL* IV. c c emir 
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emits bright iparks^ when ftruck with fteel : it may 
be broken by a ftroke with a haaimer ; and feems 
to poflcfs the fame properties as the very attradUblc 
black oxide of iron. This cruft is, however, like 
the fubftance of the ftone, here and there mixed with 
fmall particles of iron in the metallic date : they 
may cafily be ren(;lered vifible, by pafling a file over 
the cruft, as they then become evident on account 
of their metallic luftre.** 

The fpecific gravities of thofe ftones are: 

From Benares - - - 3>352» 

' From Yorklhire - - - 3>So8. 

From Italy - - - - ~.3i4i-8. 

From Bohemia - - - 4,281. 

■ s 

Thofe which have a greater fpecific gravity, cvi- 
<Jently contain a greater quantity of iron. 

The firft ftone of this fort, that was chemically 
analyzed by the French Academicians, was found on 
the 13th of September 1768, yet hot, by perfons 
who faw it fall, as has been faid in die preceding 
pages. 

Another ^ne of the fame nature, but little differ' 
ing in appearance, was analyzed by Mr. Barthold) 
Who found that 100 parts of the ftone contained 
2 parts of lulphur, 20 of iron, 14 of magncfi^) 
^ 17 of alumine, 2 of lime» and 42 of filiceous 
cairth. 

Mr. Howard inftituted a very particular analy& 
■ ' ' of 
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of the four diftindt bodies which form, the ftones 
from Benares^ and afcertained the following parti« 
culars : The external coat contains a good deal of 
iron attraftable by the magnet, and feme nickel, 
which form its principal components* The Ihining 
or pyritous particles, irregularly diflcminated through 
the ftones being ^carefully' feparated and analyzed^ 
were found to contain 2 par^ of falphur, io| of 
iron, nearly i of nickel, and a of extraneous, earthy- 
matter. The globular bodies contained 50 parts of 
filica, 15 df magnefia, 34 of oxide of iron, and 2 I 
of oxide of nickel. Laftly, the earthy matter, which 
farmed, the cement or matrix for the other fub- 
fta,nces, was found to contain 48 parts of filica, 
18 of magnefia, 34 of oxide of iron, and 2 of oxide 
of nickel. 

The ftonc. from Siena, on being analyzed, was 
found to contain 70 .parts of filica, 34 of mag- 
nefia, 52 of oxide, of iron, and 3 of oxide of 
nickel. 

The ftooe from YorkAiire was found to contain 
75 parts of filica, 37 of magnefia, 48 of oxide of 
iron, and 2 of oxide of nickel. 

The ftone from Bohemia was found to contain 25 
parts pf filica, 9 f of magnefia, 23 | of oxide of 
iron, »nd i | of oxide of nickel. 

* 

The great fimilarity which the chemical analy Gs, 

,^d a careful. examination of the mineralogical. or 

apparent formation of tKc^ie. ftones, ftiew to exift' 

.among fpccinpicns coUe Aed at different times, and 

. ■ , c c 2 brought 
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brought from various parts of the world ib very re- 
mote from each other> undoubtedly is the ftrongeft 
proof of their being diflferent from common minerals^ 
and of their owing their origin to the fame general 
caufe. The mineralogifts, who have examined them, 
find them different from any other fortof mineralogical 
fubftance ever defcribed by the writers on thJitfubjcd% 
Thofe fafts alone feem to convey perfedt conviftion 
concerning the accidental defcent of thofe ftonc$ 
upon our globe ; but a careful examination of all 
the circumftancesi the fimilaritv of the accounts^ as 
given by various perfons of different nations, and 
unknown to each other^ who tould not poffibly ac* 
cord in a falfe account ; the nature of thofe fton*s> 
and the ancient accounts related by a variety of cre- 
dible authors, or handed down by tradition 5 aH 
thofe circumftances, I fay, when duly confidcrcd, 
fcem to eftablilh the general faft of the fall, &c 
beyond the polBbility^ qf doubt. We IhraH therefore 
conclude- this fubjeft with acdncife ftatement of the 
mod rational hypotheies that have been offered in 
explanation of thofe phenomena. 

Unwilling to force upon the reader any particular 
hypothefis concerning meteors* and the &11 of (tones, 
I have confined the preceding chapter to the former; 
of thofe fubjefts, and thejifefent to the latter oolyi 
yet, by the laft- account in the precedmg chapter, 
and by various accounts in the prcfent, the reader 
muft naturally remdrk the great coiine£^ion which, 
appears to exift between • the two jphcnomena. 
• « Without 
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Without attempting to decide definitively upon the 
fabjeft, we may oeverthelefs place the hypothetical 
part of both phenomena under one point of view. 
The vajgue opinions entertained by the ancients, of 
the (tones coming from the fun or the moon, need 
not be formally refuted. 

It was Doftor Halley*s opinion,- that a ftratum or 
train of inSammable vapour, gradually raifed from 
the earth and acctrmulated in an elevated region, 
fuddenly took fire at one end, and the fqcceffive in- 
flammation of the ftratum, like the inflammation of 
a train of gun-powder, produced the apparent mo- 
tion as' it were of a ball of fire which conftituted the 
meteor *. But the leaft examination of the diflPerent 
parts of this hypo^cfis, will readily marrifeft its im- 
perfefbions. 

In a diflertation on this fubjeft by ProfeflTor Clap, 
of Yale College, in New England, we find ^ fup- 
pofition> that the bodida> which form the. meteors, 
may be folid bodies revolving round the earth, as 
the comets revolve round the fun, and now and 
then fome of them coming fb near as to fall upon 
' it. This li3rpothefis feems, at firft fight, to be at- 
tended with apparent improbability! yet a little 
confideration may perhaps render it more intelligible 
to the fpeculative philofopher, and more applicable 
CO the explanation of the phenomena. 

* Philofophical Tran(a6Kons, N" 360. 

- . ccj With 
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With refpeft to thofe phenomena 1 am inclined 
to propofe the following explanation. Imagine 
that a revolving body moves round the earth with 
a velocity fomewhat like that of the moon, or of 
the earth in its orbit ; alfo fuppofe that the attrac- 
tive force in proportion to the centrifugal, is rather 
ftronger than that which is required to keep the 
revolving body in the fame immutable orbit; and 
that confeqaently the faid body muft move in a 
fort 6f fpiral, coming continually nearer and nearer 
to the earth. Now when this body comes within 
a certain part, however rare, of the atmofpherci 
with its immenfe velocity, the friction it fufiers 
may poflibly heat it to the degree of ujcandefccncc, 
checking at the fame time iK centrifugal force, 
which confequcntly increafes the gravitating or at- 
traftive power. The great heat, which the body 
acquires in confequence of the friftion, produces 
two natural effefts. In the firft place, it panly 
melts or vitrifies the external furface, which forms 
the common black cruft of the body (viz. the 
black cruft of the ftones faid to have fallen from 
the Iky) ; and, fecondly, by expanding unequally 
the parts of the body, caufes it to break with ex- 
plofion, in the fkme manner as ftones often do in a 
common fire. 

The greateft objeftion to this hypothecs fecms 
to be, that the* revolution of fo many bodies round 
the earth as are neceffary to form all the meteors, 

comprifing 
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comprifing the numerous (hooting-ftars, fcems ra- 
ther unlikely. 

The fuppofition that meteors are the effefb of, 
or nothing nnorc than, a feparate quantity of 
clcftric matter, though, at firft fight, may appear 
to be warranted by certain eledrical phenomena, 
is, on mature confideration, liable to very great ob- 
jcftions. 

I fliall laftly fubjoin Mr. King's hypothefis con- 
cerning the fall of ftones at Siena in Italy. 

This very learned gentleman eftablifhes his fup- 
pofition upon a careful examination of all the cir- 
cuoiftances that feemed to bei at all concerned 
with that wonderful phenomenon. He remarks 
that the fpace of ground within which the ftones 
fell, was from three to four miles ; that the pheno- 
menon took place the very day after the great erup- 
tion of Vefuvius, which is not lefs diftant from Siena 
than 200 miles, and that Vefuvius is fituated to the 
fouth of the fpot; whereas the cloud came from the 
north, about 13 or at mofl: 18 I>ours after the .erup- 
tion. Mr. King then briefly mentions his. former 
obfervations on the formation of ftones and rocks, 
either by the means of fire or of water j after which 
he fays, " It is alfo well known, that a mixture of 
" pyrites of almoft any kind, beaten fmall, and 
" mixed with iron filings and water, when buried 
*' in the ground, will take fire, and produce a fort 
*^ of artificial volcano \ and furely then, wherever a 
<^ vaft quantity of fuch kind of nutter fhould at 



C€ 
ffC 
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«* any time bccoftie mixed together, as flying dull 
*' or afhes, and be by any aicans cojidenfed toge«. 
thcr, or coniprefled, the fame cSeft might be 
produced, even in the atmofphere and air. 
*• Inftead, therefore, of having recd^lrfe to the 
** fuppofition of the cloud in Tufcany having been 
<^ produced by any other kind oif exhalations from 
" the earth, we may venture to believe, that an im- 
^* menfe cloud of afhes, mixed with pyritia^l duft, 
*' and with nunierous particles of iron, having been 
*' proje(5ted from Vefuvius to ar moft prodigious 
^'height, became afterwards condeofed in its dc- 
*' fcent, took fire, both of itfelf as well as by means 
«* of the eleftric fluid it contained, produced many 
«* explofions, melted the pyritical, metallic, and aN 
V gillaceotis particles, of which the alhcs Mrerc com- 
^' pofed i and by this means had a fuddcn cryftalli* 
^ zation and confolid^tlon of thofe particles taken 
** place which formed the ftones ^ of various fizcs 
*' that fell to the ground 5 hf did mi harden M 
^\ ck^ey 0jhesjo rapidly as the metallic particle^ crjfid^ 
** li^ed'i and therefore gave an opportunity for vsh 
<^ prejfms to ie mad^ on the furfaces of' fbme of the 
<* ftones as the]f fell^ by means of the impinging pf 
«« the others*,*^ 

^ ■ ■ I I ' * ■ ■■■ ■ H ill ■ ■ I I I I I I I I ^w— p^Jfc I II ^^mmmmtmmmm^im^^mi^^a^mmmt^mmm0mr^'''^ 

* Rcmafis concerning , 5 tonw feid to bar^ fajlen,te 
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SECTION III. 



OF MEASORES. AMD WEIGHTS. 



CHAPTER I. 

OF THE STANDARD MEASVRir 

% 
* I 

THE Buftuating nature ofthc bulks of all forts 
of bodies, fuch as arc within our grafp, the 
general expanfion and contr^ftion which arife from 
heat and cold, the fhrinking and warping which 
toe the ef&fts of the evaporation and abforption of 
Suids, and the lofs of matter from the furfaces of 
moft bodies, arifing from fridion^ or abrafion, ren- 
der it extremely difficult tp form a certain invariabfc 
length or ftandard meafure, of any fort whatever, 
with which other cxtcnfions may, in future, be 
compitred. .- 

It is true that feveral ftandard meafure^ of glafi, 
of brafs, of irort, or of other met^I, that arfe now 
prpfcrvcd in diverfe public and private rcpofitories 
for the regulation of meafures and weights in civil 
CCORoniy^ when duly examined, are found to agree 

fo 
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fo well with each other, as that the error. or differ- 
ence fcldom amounts to the thouiandth part of the 
whole; and fuch diflFereace would indeed be too 
trifling to deferve notice, were it not for the accdmu-. 
lation of the error which takes place when that mca- 
fure comes to be' repeated a great number of times. 
Thus, if I meafure a certain extenflon with a foot 
ruler, which ruler is one thoufandth part of a foot 
deficient, or Icfs than the real ftandardj it is evi- 
dent that when I have meafured icx50 feet with fuch 
ruler, mv meafurement is one foot lefs than the truth. 
Now fuch error would be of very great confequcnce 
in a variety of cafes *. 

On the above-mentioned accounts, and becaufe 
it is not eafy to fend an accurate ftandard meaiiire 
from place to place, wherever it may be wanted, or 
to prevent its being loft or broken by accidents ta 
procefs of time, various plans have been propofel 
for forming a ftandard meafure at any time \ or, ia 
other words, plans have been propofed for ioftrudiog 
a perfon how to form, or to determine^ the meafure 
of a foot, or of a yard, or of any other given deno- 
mination by means of words only, viz* without 
adually (hewing him that meafure. 

Of the different plans which have been propofei 
for this purpofe, two are undoubtedly the bef^ and 
thofe I (hall endeavour briefly to explain. 



* See General Roy*s Paper on the Meafurement of a 
Bafe Line on Hounflow Heath, Philofophical TvanladionSi 
Vol. LXXV. 
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, ift. The length of the pendulum which vibrates 
leconds, has long been ufcd for ^ ftandard of mea- 
fure J for if you faflen a leaden ball, or any other 
weight to a flexible thread, and, having fulpendcd 
the upper part of the thread to a nail, you caufe it 
tp vibrate \ and, by obferving with a clock or watch, 
you count the vibrations, and; lengthen or fhortcn 
the thread, xintil that pcnduluni performs 60 vibra- 
tions in one minute, or 3600 vibrations in one hour ; 

' then the length of that pendulum, in the latitude of 
London, will be little more than 39,1 Englifh 
inches. In any other latitude the length of the 
pendulum that vibrates feconds, muft be longer or 
Ihorter than 39,1 inches, according as the place is 

' nearer to one of the poles, or nearer to the equator 
of the earth i but the quantity by which the pendu- 
lum muft be (hortcned or lengthened, in order that 
it may vibrate feconds in any given latitude, may 

" he caGly calculated * j hence that pendulum or a 
pendulum that vibrates any other aftertained number 
of times in a minute, may be ufed as a ftandard of 
meafure in any knov/n latitude. But the inaccuracy 
to which this method is liable, arifes principally 
from the difficulty of meafuring the precJife diftancc 
between th^ real point of fqfpenfion, and the centre 
of X)fcillation of the pendulum. 

In order ^o obviate in great meafure the cirors 
to which the above-mentioned method is liable, the 



* See a table of thofe lengths on the qther fide of this le^f. 

late 
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late ingenious Mr. Whitchurft contrived a machine, 
or piece of clock-work, having a pendulum widi a 
moveable centre of fufpcnfion, whence it might 
be lengthened or fhortened at pleafu re, and which 
of courfe might be adjufted fo as to vibrate any 
number of times in a given interval of time. He 
then propofed to ufe as a ftandard of mcafure, 'not 
the length of the whole pendulum, but the differ- 
cnce of the lengths of the fame pendulumi when it 

performed 



* A Table, (hewing how much a penduluoi which vibrates 
feconds at the equator, would gain every 24 hours in dif- 
ferent latitudes, and how much the pendulum need to be 
lengthened inthofe latitudes in 6ri6v to vibrate feconds. 







Lengthening in 


Degrees of 
Latitude. 


.Time gained {n . 
one day, in fe- 


decimalt of an 
incby neceflary 


^■MilfcA V WW> 


conds. 


to vibrate lb* 




. 


conds: 


5' 


1.7 


0,00x6 


lO 


6,9 


• 0,0062 


* 15 


15.3 


0,0138 


20 

* 


a6,7 
40,» 


0,0246 


25 


0,0369 


• 30 


57.1 


0^)516 
0,0679 


35 


75.1 


40 


94.3 


0,0853 


45 ' 


Ii4.« 


0,1033 


50 


. '34- 


0,1212 


55 


•53.2 


0,1386 


60 


i7i,a 


Oyt549 - 


65 


187,5 


0,1696 


70 


2or,6 


0,1824 


75 


213- ■ 


0,1927 


80 


2*1,4 


0,2033 


85 


226,5 


0,2050 


90 


228,3 


0,2065 
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performed a certain number "of vibrations in one 
hour, and when it performed another certain number 
of vibrations like wife in one hour; by which means 
. the above-mentioned fources of error would in great 
roeafurc be obviated*. - , - 

•After the death of ,Mr. Whitehurft, Sir George 
Shuckburgh Evdyn rcfumed the fubjeft, and, be- 
ing poflfeflcd of the very fame machine which Mr. 
Whitehurft had conftrudled, he made all the expe- 
riments which diat machine was capable of per- 
forming; and at laft he came to the following 
conclufion, which we have already tranfcribed in 
•the fccond volume of this work. " It appears/* 

be Jays J " that the difference of the length of two 
pendulums, fuch as Mr, Whitehurft ufed, vi- 
brating 42 and 84 times in a minute of mean 
" tinoe in the latitude of London, at 1 13 feet above 
'' the level of the fea, in the temperature of 60% 
" and the barometer at 30 inches, is equal to 
** 59,89358 inches of the parliamentary ftandard; 
" from whence all the meafures of fuperficies and 
** capacity are deduclblef.'*^ 

* adly. The other method, which was lately prac- 
tifed by the French Academicians, for determining 
an invariable ftandard meafure, iS to ufe a certain 



cc 
«c 



* See Mr. Whitehurft's AtUmpt to obtain Meafures sf 
Lengthy (ffc. from the Menfuration of TinUy or the true 
Length of Pendulums, London, 1787. 

t Philofophical TfanC^ons for 1798, page 174. 
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portion of the whole circumference of the earth* 
For this purpofe the extent of fevcral ' degrees of 
the nneridian, are aftually mcafured with any given 
ruler, from which meafurement it is cafy to calcu- 
late the extent of the whole meridian ; that is, of 
the whole circumference of the earth ; then a cer- 
tain portion of that circumference is to be ufcd as a 
ftandard mqafure; for inftance, if that circumfercDCC 
Ihould be found equal to one million times the 
above-mentioned ruler, then the millionth part of 
that circumference, or that identical ruler, may 
be the ftandard meafure. Should a nation, or a 
perfbn in any other country, and at any diftance of 
time, wifli to form a ftandard meafure equal to 
the abovei they muft adually meafure fome de- 
grees of the meridian with any ruler at pleafurcj 
whence they may calculate the number of fuch 
rulers that are equal to the whole circumference of 
the earth ; laftly, taking the thoufandth part of that 
extent, they will have the ftandard meafure as above. 
Now, the French Academicians have taken the 
forty millionth part of the whole circumference of 
the earth for their ftandard meafure, they have 
formed rulers, or fcales, exaftly equal to that part 
which they call metrey and which, by a careful com- 
parifon, with accurate fcales of Englifti inches, feet; 
&c. at the temperature of 62°, has been found equal 

to 39,371 Engliih inches *• 

I -- ■ — — — i- — 1 ij i_i I - 

• Journals of the Royal Inftitution of Great Britain, 

N° 8. Or, La BMotheque Britannique^ N** 148, 

In 



Of the Standard Meqfure. 399 

In fliort, the inch of ftandard Englifh meafure, 
12 of which form afoot, &c. and with which all 
other meafures arc compared, is an extenfion which,, 
if it be multiplied by 59,8935?, the produft is 
equal to the difference of the Jengths of two 
pendulums, one of which: yibrates 42,, and the 
other 84 times in a minute of mean time, at the 
temperature of 60®, and, in the latitude of L^ondon, 
113 feet above the level of the fea*. Or the above- 
mentioned EngHfh inch is an extenfion, which, if 
multiplied by 39,371, the produft is equal to a^ 
French metre, 40 millions of which (at the tern* 
'perature of 62** Fahrenheit's thermbmcter) are 
equal to the whole meridian or rircurrifercnce of 
the earth. , 



♦ " Such are the inches that are marked .on Mr, Bira's 
Scale of Length, now prrfer ved in tiie Houfe of Commons ; 
which is the &me, or agrees within an infenfible quantity^ 
with the ancient ftandards of the realm,'* Philofophical 
Tranfaftions for 1798, page 175- 
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CHAP. II. 



or BRITISH MEASURES AKD WIICHTS. 



Lhual Englijh Meafures, or Mte^ures »f Length. 

HAVING Ihcwa in the preceding chapter how 
to determine the length of an.Englifhincb, or 
number of inches^ we fhali now proceed to ftate the 
meafures of other denominations that are ufed intbis 
ifland^ by ihewing. the number of inches to which 
they are equal ; thus, from the fbUowing table^ ic 
appears that 12 inches make a foot; that 36 
inches, or 3 feet, make a yard j that 198 inches are 
equal to 1 6 1 feet, or to 5 f yards, or to one rod { 
that 7920 inches are equal to 66a feet, or to 220, 
or to 40 poles (otherwife called rods) or to one 
furlong, &c. 



Inches. 


Feet. Yards. Pole, or Furlong. Mile 




Rod. , * ' 


12 


I 


36 


31 


198 


16^5 5*5 J 


7920 


660 220 40 ^ t 


63360 


5280 1760 320 8 I 




One 
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Oiie degree of a great eircle of the earth is com* 
jnonly reckoned equal to 69 J miles, or to 365640 
feet. 

A fathom is equal to fix feet^ and is generally ufed 
in meafuring depths. 

For meafuring of cloth the following tneafures 
are ufed* 

Inches* Nails. Quarters. Yards. Ell. 

941 
36 »6 4 t 

45 20 .5 li i 

The foUowitig are ufed fof meafuring long extdn- 
fions 6f land* 

Inches, Links of Feet. Yards^ Poles, Chains. M3e< 
a Chain. - or Rods. 

79a 100 66 li 4 1 
63360 8000 5280 1760 320 80 t 

The heights of horfes are generally meafured by 
bands. - A batid is equal to 4 inches. 

Square EngUfh Meafurts^ 

Sqrc. Inches. Sq.Feet Sq. Yrds. Sq.JPbl. Sqre. Sq. Sq.' 

Roods.Acre.Mile 

1296 9 - r 

39204 272,25 30,25 I 

1568160 10890 i2ia 40 I 
6272640 43560 4840 160 4 I 
4014489600 27878400 3097600 102400 2560 640 I 

TOL, ir. D D ♦ Lined 
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Lineal Scotch Mc^ures* 



Iikbim* 


•F«t. 


£n». 


!Pi^. Vario 


12 


I 




t 


37,2 


3,1 


X 


1 

■ 


a23,2 


18,6 


6 


. I 


8928 


744 


240 


40 I 


71424. 


5952 


1920 


320 8 



Inches. Links of Feet. Ells. Falls, or X^hains.LiRood.M. 
a Chain. Short 

8,928 I Roods. 

892,8 100 f4,4 24 4 I 

ill 36 6 1,5 I 

Square Scotch Mcqfujres. 

' Sq.InchA.' Sq. Feet. -Sq.EUs. Sq. Falls, or Sq. Sq. S^. 

&l.l^oo(is. R. A. M. 
144 I 

9,61 I 

345,96 36 1 

13838,4 1440 40 

55353,6 5760 160 4 I 

640 1 

Ccrrefpondence between EngUfhrni Scotch Meafures. 

24,8 Englilh yards are equal lo one Scotch chain. 
One Englilh rtiile is equal to 71 Scotch chains. 
6150 "Square Englilh yards are equal to a Scotch 

acre. 

• . * One 
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One Englifh acre is equal to 0,787 (or to little 

more than 1) of a Scotch acre. 
One Scotch acxiP is equal to i/vj (oyr to JijtJtIe wore 

than 1 1) HngliJh acre. 

Of En^i/h Weights. 

The ftandard of lineal xiicafures being once afcer- 
tained, a ftandard weight is thereby eafily deter- 
mined ; for if you take a body .of a iiniform fubftance^ 
and of any given dioaeftfion^^ the weight of that 
body will ferve for the ftandard weight. Thus it has ' 
beqi 4eteraui>ed, that a cubic inch of pure diftilled 
^H^ter^ when <tbe (barometer is at !I9j74 inches^ and 
^ the thermometer at S&'j weighs 252^422 parlia- 
. jinemaiy grains^ 5760 of which make one pound 
troy*. 

There are three forts of weights principally ufcd 
in Great Britain 5 namely, Trey weights j Avoirdu- 
pis J or Auoirduptnzii W^i^^S ^3ixA . 4^^i4ktcaries 
weight ; but the Troy pQund^ qppfifting of 5760 
. grains, as mentioned abqv€> is cooQdered as the beft 
integer to adopt as the ftaod^d of ^weight. 



• Viz. According to (he ftandard weights made by Mr, 
J^9iTi$» Afl^ Mafter of the Mint, under the orders of the 
Houfe of Commons in the year 1758, which arc kept in 
the Came cuftody with Mr, Bird's Scale of Leagtb> and ap- 
pear to have been made with great care, as a mean rfefult 
from a great number of compariibns of the old weights 
in the Exchequer. PhUctfophical Traa&aions ftr I798, 
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Troy Weights. 

24 grains make one pen^ weight. 
20 penny weight make one ounce. 
12 ounces make one pound. 

Avoirdupois JVeigbts. 

§ • 

1 6 di-ams make one^ ounce. 
16 ounces make one pound. 
14 pounds make onefionc. 
28 pounds mak^ a quarter of abundredweigk. 
4 quarters of a hundred (or iia pounds) make 

one hundred weight. 
20 hundreds weight (or 2240 pounds) make 

one ton. 

Jpotbecaries Weights. 

20 grains make one Jcruple. 
. 3 fcruples make one dram; 
8 drams make one ounce. 
12 Qunct^ vcidk.t one pound. 

Correjpondence between ^roy and Avoirdupois Weights. 

41 ounces Troy are equal to 45 ounces Avoir- 
dupois, or 

I ounce Troy is equal ^to 1,09707 ounce • 
Avoirdupois, or 

I ounce, Avoirdupois is equal, to 0,91x5^ . 

ounce Troy. 

I pouni 
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J pound Troy is equal to 0,82274 of a pound 

Avoirdupois. 
I pound Avoirdupois is equal to 1,21545 pound 
Troy, or to i pound 1 1 penny weights and 
20 grains Troy*. 
The Troy weights are ufed for weighing gold, 
filver, coftly liquors, and a few other articles. 

The Avoirdupois weights are ufed in commerce 
for weighing all kmds of grocery, fruit, tobacco, 
butter, cheefe, iron, brafc, lead, tin, foap, tallow,, 
pitch, rofin, fait, wax, &c. 

The apothecaries and chemifls compound and 
fell their medicines by the above-mentioned apotbc^ 
caries weights ; but they buy their articles by the 
Avoirdupois weights. 

There are a few weights of other denominations 
ufed in commerce, or in particular parts of England, 
for weighing wool and a few other articles 1 but for 
thofe we muft refer the reader to the works on 
commerce. 

Trone or old Scotch Weight. 

20 ounces make one pound. 

16 pounds make one ft one. 

Hay, wool, Scotch lint, hemp, butter, cheefe. 



* This correfpondence is taken from the experiments 

made in the year 1744, by Martin Folkes, Efquire, Prcfi- 

dent, and feveral other gentlemen, members of the Royal 

Society^ 

D D 3 tallo^^ 
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tallow, &c. are always fold in Scotland by Trpne 
wcighL 

EngliJB Dry Meafures of CapacUy. 

Pints. Quarts. Pottles. Gallons. Pecks. Bufliels* Qoarts. Way, or I4 

iioad. 

* I 

8 4 2 I 

16 8 4 2 J 

•^4 32 16 8 4 t 
512 256 128 64 32 8 i 

2560! 1 28Q 640 320 160 40 51 

51^0 2560 1280 640 320 So - to 21 

The capacity of a Winchefter bulhel is ^quajto 
2150,42 cubic inches. 

A ftriked bulhel is to a heaped bufhel as 3 to 4, 

r 

viz. a heaped bufhel is one-third more than a ftriked 
bul^d. 

The capacity of a peck is equal to 537,6 cubic 
inches. *. 

The avoirdupois weight of a bufhel of wheat, at 
a mean, is 60 pounds : ditto of barley is 50 poundsj 
ditto of bats is 3S pounds. 

The weight of a pint (or -rV part of a peck) drj' 
meafure, in avoirdupois ounces, at a mean of wheat, 
is 15 ounces i of barle)^ is I2f ounces i of oats is 
5 i ounces. 

Sixty fblid, or cubic, feet of Newcaftle coal make 
one London chaldron. A cubic foot of ditto ge- 

ncrally " 



* 

I 



nerally weighs 50 polinds avoirdupois. An heaped 
tufticl thereof generaUy nceighs 83 pounds avoir* 
dupois, and 3^ bufticls (or one chaldron) weigh 
126,67 hundred wc;i^^ \ tha,; is, %g^% pounds ?ivoir- • 
iJupois. 

In Scot;]afidj a %pic;, or a feed %x a horfej is 
equal to 2QOji34j cubic inches. 

The following tabic fhews what number of nic^- 
fures of one denomination make up one of anodicr 
denomination, asalfo the number of cubic inches to 
which each meafure is equal. Thus, for inftance, it 
fhews that the capacit}? of one laiarrel is equal to 34 
gallons, or to 136 quarts, or to 272 pints, or to 
9588 cubic inches, according to the country mea- 
fure 5 alfo it fhews that 35 \ ?ubic inches are equal 
to a pint, 2 pints ^re eqi]al to a quart, 4 quarts are 
equal to a gallon^ &c. The like e^planatign muft 
I^ applied lijcewife to the table of wine meafljrcSji 
as alfo to that of the Scotch liquid me^fures. Beer 
meaftirc for London is 36 gallons to the b^irel. 
Ale meafure for dittq i? 32 gallons to the bsjrrel. 
Beer and Ale meafure for the country is 34g^k)n$ 
(viz. a mean between the two former) to the 
barrel. 
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$eer aid jSf Met^ts. 





c.bkl..l».. 


Pints. 


QiH. CUons. 


BanJi 


vu. 


Beer- 

Ale - - - - 
Country Meafure 


15228 
13536 
14382 


384 

408 


116 
192 

204 


S4 
48 

5' 


14 


I 


Beer - - - . 
Ale - - - - 
Country Meafure 


10152 
9054 
9588 


288 
256 

272 


144 
128 
.36 


at' 

3^ 
34 


I 


/ 


Beer - . - - 
Ale - - - . 
Country Meafure 


j... 


8 


4 


' 


/ 


/ 


Beer - - - . 
Ale - - - - 

Country Meafure 


1 7°{ 


s 


. 


/ 


/ 


Beer - - - - 
Ale - - - - 
Country MeafUre 


!»• 


I 


/ 


/ 



Wine Meafures. 



cbiaubc. 


Pinu.- 


Quarts. 


G,ll=n.. 


B»»l.. 


Ho'tAod. 


>45S3 


504 


252 , 


6.^ 


2 


1 


7276,5 


252 


.126 


.VI 


1 


^^ 


23' 


8 


4 


" 1 


^,„,--- 


"^ 


' SI. IS 


1 


1 


."■'^^ 




28.875 


I 







231 cubic inches make one gallon wine meafure by 
■ aft of parliament 5th of Q^ Anne; but the ftandard 
gallon, at Guildhall, conuins only 224 cubic 
inches, 
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Scotch Liquid Meajures. 



ICubic loches. 


Gills. 


Mutchkins. 


ChopJns, 


Pints. 


Qps. 1 


Gat^on.^ tiogihd. 


»3235>7 


2048 

128 

16 

8 


512 


256 


iz8 
8 
2 
I 


64 

4 

I 


16 I 


827,13. 


3? 


16 


» / 


206,8 


8- 


4 


/ 


103,404 


4 


2 


^y^ 


5*»7 


^ ' 


1 


y^ 


25,85 


4 


* I. 


^^^^^^ 


> 6,462 


: ' 





The ftirling Jug^ containing ope Scotch pint, fs 
the original ftandard of all liquid and dry^ meafurcs, 
and of all weights in Scotland. It contains 103,404 
cubic inches. When accurately filled widi the water 
of Leith, the water weighs 3 pounds and 7 ounces 
of Scots Troy (equal to 55 ounces, or to 26180 
]^nglii(h Troy grains) j fo that one ounce weighs 
476 Englifli Troy grains. 

By the aft of Union, the barrel for Englifh 
country meafure of 34 gallons, the capacity of 
vhich is 9588 cubic inches, is reckoned equal 
to i% Scots gallons, making 9926,7 cubic 
jnphcfi. 
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CHAP. III. 



OP tRENCH MBASUR.BS AKD VttlQHTS. 



PREVIOUS to the late French revolution, the 
principal lineal meafures of that nation were 
Ihfes, inches^ feet^ and toifes ; 1 2 lines are equal to 
one inch; 12 inches make one foot; and 6 feet 
make one toife. . 

One Englifh foot is equal to 0,9383 of ^ French 
foot. 

One French foot is equal to xjoS^t^ EnglilH 
foot. 

One French toife is equal to 6t3945 EngHfc 
feet. , 

The Paris arpent cohfifts of iqq iquare perches \ 

each is 18 Paris feet linpal meafur^, vi^> 31^4 iquare 

feet, which, uiukiplied by jooai gives 38400 fquait 

Paris feet (or 367:^0 fquareEngljih feet) for the 

atpent ; that is, in round numbers, aboijt 4- of the 

Engliih acre. But according to the mejure rrfdUy a 

perche has 22 feet of lineal meafure, and confc- 

q'uently is 484 fquare feet, which, multiplied by 

100, gives 48400 fqi/are Paris feet (or SA^S^^Z^ 

Englifh feet) to the arpent. 'i^his arpent is above 

I I Englifh acre. But the forrpcr arpent of 32400 

feet was the mearure ufed about Paris. 

u^ The 
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The cubic Paris foot or inch is to the cubic 
Englifb foot or inch^ nearly as i,ti to r; fo that 
one cubic Paris foot, or inch, is about i ^ Englifhr 
cubic foot or inch : hence 5 Paris cubiC feet make 
6 Englifh cubic feet. 1 6 litrons nnake a boijfeau j 3 
loijfeaux make one niinot ; 2 minots make one mine ; 
12 mines make ont feptier i and 11/eptiers make one 
muid. 

The Vans feptier for wheat contains 6912 Paris 
cubic inches, which are equal to 8363 .Englifh' 
cubic inches, or 4 Englifli bufliels nearly. The 
VtLth feptier for oats is dopble the one for wheat. 

V 

f 

, ^be French Poids de Marc. 

72 grains make one grofsy 8 groffes make one 
ounce^ and 1 6 ounces make one pound. One French 1 
grain is very nearly equal to 0,8263 ^^ ^^ Englifh 
troy grain. . One^ouncc poids de marcy which con- 
tains 576 French grains, is equal to 472,49 Englifh 
troy grains*. 

^ince the French revolution, all the meafures ^d 
weights of that nation are deduced from the metre^ 
which we have already faid to be equal to the 40 
millionth part of the whole circumference of the 
earth, and to be equal to 39,371 Englilh inches'; 
^he Englifh fcale being at 62"* of temperature, and 
fhe' French metre at 32*. ' 
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Meajures of Length, or Uneal Meajures^ 

Thefe new French ^neafures, as well as the 
weights, proceed m a decimal order ; for inftance, 
the miUimetre is the loth part of the centimetre; 
the latter is the xoth part of the decimetre, the dc- 
.cimctre is the loth part of the metre, andfoon. 
The numbers which are annexed to the following 
names of the French meafures, exprcfs the number 
of Englifli inches or Troy grains to which they 
^re equivalent. 

Millimetre - - - - 0,03937 lEng. in' 
Centimetre - - - - 0,39371 
Pecimetre - - - - 3>937i 
Metre - ^ . . 59»37^ 
Decametre - - - 393,71 
Hecatometre - r 3937,1 
Chiliometre - - 39371, 
Myriometre - 393710. 

Englifh Miles. Furl. Yds. Feet. Inches. 

A decametre is equal to 00 10 a 9,7 

A hecatometre ---00 109 i i 

A chilfometre , - - -o 4213 i 10,2 

A myriometre ---6 i 156 06 

Eight chiliomctres are nearly equal to fiye miles. 



Mea/ures 
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* Meajures of Capacity. 

MilUlitre - - - 0,06 loj Englifti cubic inches. 

€cntilitre - ^ - 0,61028 

Decilitre - - - 6/1028 

Litre - - - - 61,028 

Decalitre - • 610,28^ 

HecatoHtre - 6102,8 ' 

Chiliolitre - 6^02,8 

Myriolitrc - 610280 V 

A litFC^ is nearly equal to 2 4^ EngUIh wine pints. 

14 decilitres are nearly equal to three Englifh 
wine pints. 

A chiliolitre is equal to one tun, and 12,75 
Englifti wine gallons. 

Weights. . s . 

Milligramme - - - 0,0154'Englifti troy grains. 
Centigramme - - .0,1544 
Decigramme - - - i»S444 
^ Gramme* - - - 15,4440 
Decagramme- - 154,4402 
Hecatogramme 1 544,4023 
Chiliogrammc 15444,0234 
Myriogramfne 154440,2344 

A decametre is equal .to 6 penny weights and 
10,44 grains EnglUh troy weights, or to 5,^5 avoh"- 
dupois drams. ' . 

^ _ --- __ — — __ — 

* A gramme is the weight of. a cubic centimetre of pure 
' water at its maximum of denfitj'; 



A . 



41^4 Of French Meafures and JV^gU^. 

An hcc^togramme is equal to 3 ounces and 8,j 
drams avoirdupois. 

A chiliogramme is equd to 2 pounds^ 3 ounces, 
. and 5 drams avoirdup<MS. - 

A myriogrammc is equal to aa pptinds 1,15 
oiinces avoirdupois. 

100 myriogrammes are equal to i ton, watmng 
32,8 pounds. 

Agrarian Mcqfures. 

A fquarc ^ifeftf;»^/r^ is equal to 3,95 perches. 
- All hecatarty equal to 2 acres, i rood, and J5,4 
perches. 

F(^r Fire-wodd* 

\ 

A deciftere, equal to ^ ftere, equal to 3,5317 
Englifli cubic feet. 

Aftere^ equal to one cubic metre, eqiKflt035,J*7 
Englifli cubic feet. 
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C H A P. IV. 



OF THE 1^A6tTRBS AN^ WEiGHTS OF VARIOUS 

NATIONS. 



I HAVE endeavoured in the preceding chapters 
to give an accurate ftatement oif the meafures 
and weights of Great Britain, and ^f the /French 
nation, bccaufe thefe have been determined with ali 
the accuracy which the prefent ftatc of knowledge 
relative to philofophy and mechanics could fuggeft. 
It is much to be defired, that other nations would 
follow their example, aad either eftahlilh or make 
known their invariable 'fiandard, or adopt the mea- 
fures of one of the above-mentioned nations. The 
weights and meafures lately eftabliflied by the 
French, are undoubtedly the moft rational in theory, 
the leaft perplexing, in praftice, and the moft eafily 
remembered; yet it rnuft be acknowledged that 
great innovations of this fort, though evidently for 
the better, are not relifhed by moft nations. In 
this cafe they might at Jeaft determine with accuracy 
the ftandard of their ancient meafures and weights, 
and make it known to the wxurldibr the advantagfr 
of, philofophy arid commerce. ■ ' "■- 
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41 6 Meafures and Wei^ti of various NdttOfiU 

In coUeding the ftandards of meafures aod 
weights of the principal nations of Europe, I have 
met with a much greater difficulty than I at firft 
cxpcftcd. The unfettled ftate of thofe meafures m 
certaiti countries, the variety of meafures ufcd ki 
the fame country, the difficulty of obtaining dircft 
and authentic information, and the difagreemcnt 
between authors who defcribe the meafures and the 
weights of the very fame nation, have prevented the 
making of as complete a ftatemcnt of the general 
meafures and weights of different nations as migb 
have been wiftied. I have therefore ftated thofe 
particulars only which, from the concurrence of the 
moft creditable authors, feem to be beft alcertained. 
In this ftatement the. reader will find the value of 
the different meafures, &c. expreflcd in Eriglilh 
meafures and weights. 

•Sir George Shuckburgh Evelin, haying examined 
various ancient rules, and having meafured feveral 
ancient buildings, fays, " The mean refiilt of dicfd 
*' expcHments, ' gave me for the length of the an- 
« cient Roman foot - - 11,617 Englilh inches 
•* Ditto, as before from the 

*' rules . - . . 11,606 ditto. 
« The mean bf the 'two 

*' modes of determination 1 1,612 ditto/ 

" I may add, that in the Capitol is a (tone, of no 
vtry ancient date however, let into the wall, on 

. : which 
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?* which is engraven the length of fcvcral mcafurcs> 
«' from whence I took the following : 

*' The ancient Roman foot=i 1,635 Englifh inches 
*' The modern Roman palm ±: 8,8a ditto 
" The ancient Greek foot =12,09 ditto* 



« 



Eng.feet* 

The ancient Roman mile (by Plinius) = 4840,5 
The ancient Roman mile fby' Strabo) - 4903 
The Jtadium of the ancient Romans • 606 *, 
The ^/i^/«^w of the Egyptians - - -730,8 
The It of the Chinefe - - - - - . - 606 



I 



Eng.inchcs. 

The archine of Riiflia .•-.=: 28,35 
The Rynlandfoot of Denmark - - - - 1 2,36 
The Swedi{h/^(?/ .«..•. - 11,692 
The Vienna foot in Auftria - ^ - . 1 2,44 ^ 
The Amfterdam /(^^/ / -•---.- 11,17, 
The Amfterdam ell -..•-- 26,8 

{of Madrid - - - "•39>ifi ' 
of Seville - - - - 33,12 
ofCaftille- - - - 3^>952 

The Tvivmfoot ------- ^ 20,17 

The Twxm trahucco - - - - - - - 121,02 

The Turin r^j. ------- 23,5 

♦ Philofophical TranfaSions for 1798, page 169* 

VOL. IV, E E The 

* 
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Eng. indiei 
The Genoa *«ii5» . ^ - - - - —V'^ 

The GetuM tamia - - - -5 - - - t^S 
The Vttnctfoot -------- 14 

The Venice ^*«^ \^' "^"^^^^ ^'^, " =»« 

Cfortneaninng cloth- 27 

Th« FlosTOce inftafcl ----- ^ az,» 

I - ^ - - - . fa,9! 

TheimW.of R«wef ^ ''"'''"^ * " ^^'7^ 

The Roma^i canna - - - • * -^ * -. - 7S 
The Naples palm 1- --*... - io,Ji 
The Naples canna -----•. 82,9 
The hraceio of Milan - . - v • ^ - 20,7 
The Bologna /(?^/ .--^---ij 
The irtf^itf of Parma and Piacenza - - 26,9 
The "hraccio of Lucca - - - . . 23,5 
The braccio of Brefcia and Mantua - - 25,1 
The r^tf/yi^/ of China - - - - - - la^S 

The Swcdilh foot is divided into 12 inches. The 
Swedifh Icanne (which contains 8 juadnMesy each 
of which contains i !2 f 'S wedifii cubic inches) is 
equal to 107,892 Englifti cubic inches. Bat aa 
Bngltih gallon, wine meafure, is equal to 231 cubic 
inches; therefore the Swedifti kanne is to the EngBh 
'gallon as io7,&9a to 231 j viz. equal to li«de k6 
than half a gallon. 



Mu/kris SU Wti^ cfvttim Nttiittu. ^19 
fhe An^dm fFeigbts. 

m 

29TTgi^2^ 1 fi drop 

16 drops / , 1 I ounce 

16 ounces f ^^^^ 1 I Dound 

16 pounds J L ' "onc 

One Engltih pound m)y, is equal to 0^757 ^^ ^ 
H>und of Amfterdam weigh;. . 
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S E C T I O N IV. 



ADDITIONAL ARTICLlES. 



Vol. L page 159. After line the ptb of the note, 
by way of illuftration add. 

viz. yzzanndy and (fubftituting for a its value 

) ^*z= nnd = — —. Then by extraft- 

2 — nn/ 2 — nn 2 — ?in ' 

ing the fquare root, we have the lemi-conjugatc 

nd 
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Vol. III. After the fecond line of the note in 
page 54, add. Though the freezing point of quick- 
filver be — 39^3 yet that metal requires a tem- 
perature of — 45% in order to aflTume its perfectly 
folid (late. Philofophical Tranfaftions for i8oi> 

page 133- 

Vol. IIL Note to the paragraph in the middle 
of page 95. 

Mr. 



I 

Mr. Bougucr, after many trials, conclude^, that 
the light of the fun is about 300000 times greater 
than that of the moon. 

Dn Smith (Optics, Vol I. Art. 95.) thought 
that he had proved, from . two different confidcra* 
tions, that the light of the full-moon is to our day- 
light, as one to about 90900, if none of the rays 
incident from the fun upon the furface of the moon 
were loft by the irregularities of the latter. 

Vol, III. p^ge 115. The experiment, which 
i$ defcxibed in that page, may be performed with a 
fingle reQedoi* ; for it the thermometer be placed 
in one of the conjugate foci, and the burning char•^ 
coal, or the ice, be placed in the other of thofe foci, 
the fame effed will tak,e place, but not fo effedually, 
nor ^t fQjgreat a diftance as when two reQecStors are 
Ufcd. . . 

A remarkable difference is to be obferved be* 
twccn the radiant heat from the fun, and that from 
a ooinmon vSre ; viz. the former will pafs through 
vrater^ glais, &c. and will hardly heat them; but the 
radiant heat of a fire, heats thofe fubftances, and i« 
aUnoft entirely ftopp^d by theiq. 

. Vol. Ill, page 32,8. To be added after the 
fourth line. 

Dr. Hulme, in a fecond paper on the fpontaneous 
light of fifli, &c. (Philofophical Tranfaftions for 
|8qi. An. XXL) relates feveral new experiments 

It E ^ and 
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and obftnFBtiens, the prindpal rofiilts ef vhick are 

contained in the foUbwing paragraphs. 

'^ Thefe experiments prove, that objefta ,whkii 
abound with fpontaneous lighten a latent ft^te, fucb 
as herring, mackerel^ and the like, do not emit it 
ivhen deprived of life, except from fuch parts as 
have been feme time in eontaft with the air. 

*^ They likewife (hew, that the Uaft of a pour of 
bellows does not increafe this fpecies of 1^^ as \t, 
does that which proceeds from combuftion. 

^ It appears that oxygen gas does not a6t upon 
this kind of light, fo as to render it much mere vivid 
than it is in atrnoiphcrical air, which is quite con- 
trary to what fome authors have alledged. 

^ It is a remarkable circumftance^ that aaodc 
gas, which is incapable of fupporting light from 
combuftion, fhould be fo favourable to the fpontane- 
ous light which is emitted from fifties, as to prefcrvc 
its exiftcnce and brilliancy for fome tinne when 4^- 
flied upon a cork ; yet that it ftiould prevent thefijh 
of the herring and the mackerel from becoming lu* 
minous, and alfo extinguifti the light proceeding 
from rotten wood. 

" It appears that hydrogen gas, in general, pre- 
vents the emiflion of fpontaneog^ light, and alfo 
extinguifties it when emitted ; but at the lame time 
it does not hinder its quick revival when the fubjcft 
pf the experiment is again exppfed to the a&ion of 
the atmofpherical air, although the light "may have 

been a confiderable time in an cxdnguiflied ftace. 

«* Carbonic 



^ Carbonic acid gta; or fixed aif) Ibis alio an 
.extinguifhing property with refpe^ to fpofitaMOU^ 
light i bvM;, in general^ the light re^urns^ if the 6b- 
jc& of cxpcricmnc be takem out aod cipofcd to th«^ 
open air. 

*' It appears that fulphurated hydrogen gas ex- 
tioguiihqs fpont^neoos light much iboher than .car* 
bonic acid ga^, and that, in general, the ligh^ returns 
much more flowly when the fubjefk is expofed to 
atmofpheric air* 

** Nitrous gas, we obferved to have totally pre- 
vented the emiilion of light, and c^ have quickly 
extinguiflied that which had beea enpiictcd s likev^fie 
diat the luminous objed^g which had been under itt 
mfiuence (except the g)ow-rworm) (fid not expert^ 
Mice a rerival of their light, when taken out and 
kept for fome time in comnrK>Q air* ' " 

** A piece of Ihining wood was put under th§ re- 
cseivcr of am air-pump i the light dlminiihed in pro- 
portion as the air was ei^haufttdi but revived oin (he 
re^admittance of the air. 

*< The fame thing took place with the luminous 
matter of a herring. 

' <* It appears that folar light, wh^ imbibed bf 
Canton's phofphorus, is iubje^: to ri\e fante laws,^^ 
with refped to heat and cold, aa t)^ fpontaoeous 
^bt of fifhes, rotten wood^ and glow-woxmsj^ viz. 
beat difpofes the phofphorus to yidd the ligh( 
qmcklyj but Iboo exhaufta it i whereas cold pfe^ 

X B 4 veotsi 
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v«Qts> in great meafurcj both its emiffion and b 
diflipation.'" 

See the fame paper (Philofophical Tranfadions 
for 1 80 1 » page 426.) fi>r an improyement in the 
conftru£tion of Canton's phofphorus. 

Vol. III. To be added after tbe 7th line of 

page 193- 

An ingenious application of die -principle men- 

tioned in the above, and a few preceding pages, 

was lately made by Dr. Wollafton ; viz. he has 

rendered it capable of meafuring die refiaSive 

and difperfive powers of varibus fubftances. The 

paper, with the account of thofe improvementSi was 

lately publifhed in the Philofophical Ttanladtionsfor 

the year 1802. Art. XII. from which I flialltran- 

fcribe the following paragraphs. 

*' Since the range of inclination, within which 
total refiecftion takes place, depends not only on the 
denfity of the rcfle^ing prifm, but alfo on the rarity 
of the medium adjacent toit, the extent of that range 
varies with the difference of the 4enfities of the two 
media. When, therefore, the refradive power of one 
medium is known, that of any rarer medium may 
be learned by examining at what angle a ray of light 
will be refledfced from it. 

'' In examining the refraftive powers of fluids, or 
of fuiible fubftances, the requifite contaA is eafily 
obtained i but^ with folids> which can in few in- 

fiances 
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ftances be made to touch to any great extent this 
cannot be effedted without the interpofition eC foxne 
fluid, or cement, of higher refraftive power than 
the medium under examination. Since the furfaces 

■ 

of a ftratum fo interpofed are parallel, it will not 
efie6l the. total deviation fo a ray pafling through it, 
and rriay therefore be employed without rilk of any 
error in confequcnce. 

'* Thus/ rcfins, or oil of fafiafras, interpofed be^ 
tween plate-g^ls and any olher prifm, will not alter 
therefult. 

" I^ on the fame prifm, a piece of fclcnite, and 
another of plate-^glafs, be cemented near each other, ' 
their powers may be compared with the (amt 
accuracy as if th^y were both in abfolute contaft 
with it. 

*' For luch a mere comparifon of any two bodies, 
a common triangular prifm is beft adapted; but^ 
for the purpofe of aftual meafuremcnt of refraftivc 
powers, I have preferred the ufe of a fquare pi:ifm, 
becaufe, with a very iimple apparatus, it (hews the 
fine 6f refradlive power fought, without the need of 
any calculation. 

•^ Let A, fig. 14, Plate XXVIII. be a fquare 
or reftangular prifm, to' which any fubftance is 
applied at h^ and let any ray of light, parallel to 
ih^ be refra&ed through the prifm, in' the direc^ 
tion^^^. 

^^ Then, if ^/ and ed be taken proportional to the 
fines that reprefcot the rcfia£tive powers of the prifm, 

and 
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and of air, fg^ which is intercepted between^ and 
the perpendicular tg will be the correfponding fine 
to reprefenc the rcfraftivc power of the medium h 
Fgr> fmce t4g (bppofite to tf) is the angle of re- 
fraAioni 9fg (oppofjte to id) muft be equal to 
the angle of incidence hdh\ and tfxfgx \hi\ 
db :: Cvnt o( cbi ;Rnc of blfd. ~ 

** All therefore that is rcquifitc for dietermining 
the refiiaffive power of i&, is to find means of mea- 
furing^the line fg. On this principle the inftrumcot> 
fig. 15, Plate XXVIII. is conftruftcd. On aboard 
ab 1% fixed a piece of fiat deal cdj, to which, bf a 
hinge at d, is jointed a fecond piece d^, ten ioches 
long, carrying two plane fights at its extranides. 
At ^ is a fecond hinge, conneSiing ^/ 15,83 inches 
long ; and a third at the other extremity of ef^ by 
whxthfg is connected with it. At i alfo is a hinge> 
uniung the radius ig to the middle ofefi and theni 
fince g moves in a femicircle tgf, a line joining # aad 
g would be perpendicular tofg. 

" The piece (d hzs^ cavity ii* the middle of it, 
fo that when a^y fubllance is applied, to the middle 
of the prifm P, it m^y continue to reft horizontally 
on its extremities. When ^^ has been fo elevated 
that the. yeUow rays in the fringe of colours (ob- 
iervable where p^rfedt reflcdtion reminatcs) are fecn 
through the fights, the point j^^ by means of a vernier 
which it carries, fhews by infpeftion the length of 
the fine of refradion fought^ 

^^ The advanuge$ wltich thi$ method poflefics 
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fibove the ufual mode of examiamg tt(afi&n 
powers^ are greater than they may 91 firft fight 
appear. 

** The facility of deterknming refraftivc powers, is 
jconiequently fuch as to render this property of bo- 
fiies a very convenient teft in many philofophical 
inquiries. For difcovering the purity of effential 
oils^ fuch an examination may be of confiderable 
utility, on account of the fmalldels of the quantity 
requifitc for trial" 

For fuch purpofes, the refradive power of opaque 
fubftances, which could not |>e learned by any means 
at prefent in u(e, may often be deferving of inquiry. 
For, in jthe ufual mode, a certain degree of tranfpa-^ 
rency is abfolutely neceSary ; but, for trial by con- 
taft, the mod perfed opacity does not occafioh the 
Jeaft injpedrment. - \ 

With rplpedk to the experiments which Dr. Wol- 
lafton made with the abovC'-mentioned machine, J 
fpuftotfer thi: reader to the paper itfelf. 
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A BERRATION of lenfes, iS. 22O9 2Zi. 267—of t3i» 
'**' flars, ir. 207. 
Accejeratiye force, 41 . 

Accord, ii. 3^3— perfed andimperfeA» iL 385* 
Acetic radical, 12. ii. 15. 

Acetors, acid, ii. 555-— fermentation, ii. ^55. v 

Achromatic, refra^pn^ iii. 195— telefqope^ iii, 222— ^lenfes, fii« 
, 223, 224, 225. 
Acidifying principle, ii. 525. 
Acids, different forts of, ii. 524, $25. 
Acoaftics, ii. 309. 

Adheiion, of two leaden ballets, ii. i4i«<-of folidt, H. 142. 
Adjutages, ii. x 85— -different, their actions, ii. 187. 
Atrial, fluids, ii. zoo— fluids, their expanfibility, ii. 40— 

telefcope, ii. 277— voyage, the firll, ivl 327. ^ 

A^roftatic machines, difcovery of, iv. 319— •particular! relative 

to their conftrndion, iv. 331. 350. 354. 
Aeroflation, iv. 316— progrefs of, iv. 324* 
Affinity, ii.'i9. I34' 49^' 5 '4* 
A^gregacioQ* ii. 19. 116, 117. 
Agriculture, ii. 13. 
Aguftine, ii. 532. 534. 
Air, atmofpherical, ii. 198— necefiary to animal life, to com* 

buffion^ &c. ii. i99<— its chemical properties^ ii, 200. gzo^^ 

. iti 
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iU ifCMmfil properties, n. z o o m % mnSlmntf, n. *of^ 
l» prcftve, & f ^. 204.' m6. i m in dtfttf, S. ni^ 
its comprefibilkjt iL 222— cable of its czpoafioo, n. 273—* 
dbeorj of its Diovemenrs, iL iSo ilc of its BOveBeats. i. 
402^— veflel of a forcing pumpt iL 434 — paflip» lieiczibed, iL 
465— oxygen, iL 520«-<ts refiftaace, iL 480, 4^81, 48a fa 
weight, Yeflel proper for afcertainittg it, iL 4S9— its ezpaafioa 
1^ beat, tiL 41. 43-^cs cleAndty, iL 437. 442-^faattoQM, 
ir. 32i«-€beir poiiren, ir. 350— dicir oie in general, ir. 350. 

Albftminoos matter of Tegptables, iL 553. 

Alcohol^ iL S8. 556. 

Alembics, iL 501. 50$ 

Alkali, 13, ii: 533, 534— regeuble, 13 — faffil^ 13-Mrataak, 
13, iL 534-^xed, ii. 5, 33. 

Alkaliges, principle, u. $34. 

Altitudes, meafofed by the barometer, ii. 2 4 8 ■taWc of,it.i58 
—the beft method of meafuring them by means of th^ bam- 
meter, ii. 26^ 

Al amine. See Argil. 

Alum earth, preparation of, ilL 46. 

Amalgam, for ele£lrical purpoOes, iii. 383, 384. 

Ammoniac, or volatile alkali, 14, ii. i6. 

Ammoniacal gas, ii. 521. 

Amphifcii, iv. 59. 

Amplitude, of projeflion, 341. 350— of projedUon, grealcft^ 
341—- of projcfiion, determined, 3421— of a jet of Aiud,ii. 
196— of a celeftial objed, iv. 25. 

Aoalyfis, ii. 18. 495. 

Anamorphofes, iii. 16a. 

Anatomy, ii. 12. 

Anemometer, ii. 449. 

Angle, of elevation in projcding engines^ 341. ^54*— of reflec- 
tion, how meafured, iii. 165-i-of incidence and refra£Uon, 
proportion of their fines, iii. 169— of difperiionor diffipation, 
iii. lyz — of mean refradion, iii. 172— of deviation, ido-^ 
ipheric, iv. 38. 

Angular diftances, iv. 5. 

Animal eledricity, iii. 451— analogous to the voltaic battery, 

iii. ^08. 

Animalculcfi 
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Aiiimtlcules, 28. • 

Auntl kmgdott* ii« i2« 

•Animals under, the recetrer of the ar-piunp, U. 47 8. 

Ammal fabftaiicet« their ittgreclie»ts« ii. 556«»their fntxthc^ 

liom iL 557. / 

rAnoidar ecUpTes iv. 259. • 
AnomaliiHcal year, iv. 96. 247. 
Anofflaly^ hr* 85— -eqaated* mean, Ssc. iT« Sj^^excentrie, 

XV. 84. 

Antarttc. poky iv. it. 
Anttcnonx, 13. ii. 15. 529. 
Aa^podes, ir. 15. 
Apogee, iv, 83. 131/ 
Apparatus, eledlricaUdeicribed^iiL 378. 
Apparitioiiy circle of perpetual, iv. 29. 
Apfidess iv« 82, line of, iv. 82— motion of the lioe c^» iv* 8j« 
Aqueous humour of the eye> liL 244. 
' Arches^ luminotts, ii. 8. 

Arckiipdes's fcrenr-engine for raifing winter, ii. 437* 
Ardic pole, iv. 22, and antar&ic circles, iv. 53. 
Areometer, ii. 66. 
Argentine fnow, ii. 529. 
Argil, 13, ii. 16. 529. 532. 
ArgiUftceous earth, its contraflion by heat, iii. 44. ^ 
Argument of latitude, iv. •83. 
Anaatare of & magnet, iii. 523«->of animal avembers an QdHf 

nifm, iiL 468. 
Armour of preparations for Galvanifm, ixL 468. 
Aroma of plants, ii. 552. 
Arfenic, 13, ii. 16. 531.^ 

Artificial magnets, iii. 5 1 3. 58a 545. 549— Canton's, iiL jca. 
Afcendiiig. node, iv. 129^ / « 

Afcen&m, right and obliqae, iv. 44. 
Afcenfional difference, iv. 44. 
Afcii, iv. 59. 
Afpe^ Hoe of, iiL 304. 
Afterifms, or conflellations, iv. 36. 207. 
Albtmomica], teleibope, iiL 274-- inlbomeflts, iv« fli68«»qtK- 

drant, ir« 268. 
AiboiiQiiiiy,.iL 6,iv. 1. 

Adas, 
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I 

Aihs, ferreftrialy !▼• i^^-^eleftf^ak iv. 17. 

AtmofpherCy ii. 19^, 240— itt prefliure on tny giren fnrAce, 
ii. 220. 48'4«-its denfity Md altitiide^ it. S26— 4ts denfitjr 
different at different diftances fr»m the earth, iL zzj^.iii^ 
its altitade influenced by the fun and the moon, ii. 242—411 
flux and reflux, ii. 245, &c.— ufes of, ii. 396«r-*eleArical, iiL 
553.359. 460 — of the mooii, Iv. 1 1 8. 

Atmofpherical, eledricity, iii. 436 — dedricity, laws of, 0,441 
— cledlromcter, iii. 438. 

Attraflion, 37. 54. ii. 19 — proportionate to. tke quantity of 
matter, 55— four forts of, ii. 19— of aggregation, ii. 19. 23. 
240— of coheiion, ii. 20. 23. 496— of compofitionorofsf- 
uity, ii. 20. 496— >of water to glafs, ii, 117. 132 — of water 
in capillary tubes, iL ili— a^iongft other bodies, ii. 132. 
134. 1 36— K)f mercury, ii. 133. 135. 138— -corpafcdar, ii. 
270— between air and water, ii. 410— of ele&ricityy iii. 355. 
359. 402. — magnetic, iii. 513. 516. ' 

Aurora, borealis, ii. 7— -Anftralis, ii. 7«»(tippoied ft) be an 
eledrical phenomenon, iii. 444--^aff'eds the. inagnel||in8edle» 
iii. 539. 

Axioms of philofophy, 5— refpeding the decUnation of the 
magnetic needle, iii. 538. 

Axle, or Axis, 220— in peritrochio, 231— of a reflednr, iii* 
156 — of a magnet, iii. 528— -of a lens, iii. 228— ^f the 
^orld, iv. 22. 

Azimuth, iv. 23— of celeHial objeds^ iv. 25— -compais« E 

565. . 

Azote, 12, ii. 15. 520. 

Azotic gas, ii. 520,521. 

. ■ B. ■ 

Balance, 221. 228— dcfedls of, 229*-of forcet;.i2i — ^hydrofta- 
tical, ii. 55 • 

Baldwin's phofphorus, iii. 318. 

Balloons, air, iv. 321 — their powers, iv. 350— their nfc in ge- 
neral, iv. 350. 352. 

Barometerj or Barofcope, ii. 208— indications of the weather 
fronn its various altitudes, ii. 209— its mean altitude, u. 21 S— 
its ufc in meafuring altitudes, ii. 232. 248— a regular movc- 
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ilifc&t of, obferved at Calcotu^ ii. 256—iu coHftruAkm rvU 

otis> ii. 4$6^i^Ranirden't> ii. 464. 
^aryt» 13. i;. 16. 529. 532. 
Batby fandor water, ii. 5ti« 

Battery, ele£iricaf» iii^ 366. 387— -Toltai^ iii 474, 482. 4864 
Benzoic, radical^ X3» ii. 16. . 
.Bellows, hydroftatical, ii. 443. 
Bifintith, 13, ii. 15. 529. 
Biflextile year, iT. 6o* 
Bitaminons minerals, ii. $50^ 
Bob of a pendalani> 176. 

Body, 2— 15> three principal ftatds of, ii. tS-^MiL 74. 
Bcnling point, iii. i7-«of water^ iii« 3x» 34, 35^ 
Bolonian flone, iii. 317. 
Bombic radical, 13,— ii. 16. 
Bones of animals are moftly levers^ 228. 
Boracic radical, i2«-'ii. 15. 
Botany, ii. 1 5. 
Bubbles, of glafs for determining the fpecific gravities of UqtKtfs^ 

ii. 70— -of air, not mere nothing^ ii, 202—indiGate the ftreogtk 

of fpirttsj ii.. 202. 
fiolk, 22. 

Baroing-glafles and fpecalams, uL iii. 
Blac^ lead, its ofe in diminiihing fridion, 277<^«adt u. 53l«-* 

objeds, perception of, iii. 259, ' • . 

Blazidg ftars, iv* 189; 

Blind perfons, acutenefs of their hearing, 3494 
Blocks, Garnett's, 280. 
Blowing machine, by water, ii. 444. 
Brafs, ii. 529-»attradable by the magnet in Mrtttn c a fe »** 

iii. 525. 
Breadth, 22. 
Brittlenefs, ii. 139. 

c. 

Calcareous earth, ii. 533* 

Callipers, gunners, 351. 

Caloric, 12<— U. 15, 16. 5 ifr-— combined, ii« 5 1 Si^^^iil. 9-M&eef 

ii. 518— *iij. 10— iii. 2— theory of, iiL 3. 9«-»lpedfic, tablt 

of, iii. 70— »total pri?ation of> iii. 76* 

VOL. IV. p y CalonmctMu> 
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C^riaMltri Si. to. 

Camphoric radical, 13— ii- 1^ 
'Camera obfcura» iii. 240, 270. 

Cannont, 542 — experiments with, 3$^'^T^9pOf charge af^ };(. 

Capacidtt »f bodies ftr calorio^iii. f. 63. 66. 79-^peiattiM» 
iii. 76. 

Cantons, phofphorus, lii.'ji^ 

Capes, or Head -lands, ii. 10. 

Capillary attradlion, ii. 118. 121. 

Capftans, 252. 

Carbon, 12— >ii. 15. 521. 

Carbona^ kydrogeii gas, ii. j£2. 

Carbon!^ acid ga?, ii. 521-'— acid» ii. 523. 

Caifegrainian telefcope, iii. 287. 

Catacouftics, y. 309. 

Catadioptric, or refleftiiig telefcepea, tsi. 274. iiffs^ 

Card of the mariner's compafs, iii. 564. 

Catch, or Click, 262, 

Catoptrics, iii. 143, 144. 

Cftttfe, 17. 

Cauflics by reflection, iii. 155^-by refraftioii, iii. saa 236. 

CelefUal atlas, ir. 1 7— globe, iv— planifphere, map^ or plile# 
iv. 17. 

Centre, of attradion, $4— of tffpMon, 54— -of gravity, {l«4f 
gravity how afceruined, 74vTof gravity liQw ai^ercaisid hj 
the method of fluxions, 78— of gravity of a ftraight line, 81 
— K>f gravity of 4 con^, 83-— of gravity of an hcnifph^w, 8) 
—of gravity, ufe of, exemplified, 323, 32'5— of gravity, iai- 
proper ufe of, 527*-defceat of,, ii. 26r-of oicillation, 20^ 
201— of ofcillation is the fame as the centre ef pcrcoioflA 
203— ^of percaflion, 201. 

Centrifugal force', 54. 138. 

Centripetal force, 54. 72. 138. 

Ceres Ferdinandea,iv. 173. 

Charge of a Leyden phia], does not difplace the air, iu. 419. 

Charged eleArics , iii. 362, 363. 

Channel Englilh, crofled in a balloon, iv. 340. 

Charcoal, combufHon of, iii. 83. 

Chart, or map, iy. 14. 

Charts of magnetic declinatipn, iii. 531 « 

9 Chemical 
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I I 

$ 

Chemical operations or procef{es» ii. 495^ $36^ 

Cbemiftry, principles of* ii. 1 8. 495. 

Choroides, Hi. 24^. 

Chrome, ij, ii, 16. 531. « 

Chronometersi iv. 278-^their rate of going, i^. 297* 

Circle, divifioh of, iv. fr^greater and leiTer of a fphere, ir. %% 
— -of viiion refpe6ting the moon^ ivt 121. 

Circles fimple galvanic, iii. 476-^the mod ^ive^ iii. 478, 479, 
48o-*^have a pofitivt and a negatife elefiric fide, iii. 481-^ 
their action, iii. 490. . ' 

Cirdf 8 of perpetual apparition and occultation^ iv. z^% 

Circular aftronomical inftruments, iv. 272* 

Civil year> iv. 59* ' 

Clammine{3» ii. 139. 

Clay, ii. 53 a. Spe JrgiL 

Clouds, luminous, 8, ii. 8. 464. 4io-»ii^rmatt0Q of> ii. 4ia«*»are 
generally eledtnfied, iii. 437. 

ClifFs in muiic,ii. 381. 

Cobalt, 13, ii. 15, 529. 

Cogs, 265. 

Cohefion, ii. ti6. 496. > 

Cooling of certain bodies produces eledricity^ tii. ^1.29. 43 1« 

ColleAor of a prime conductor, iii. 3^0. 

Collimation, line of, iv. 271. 

Odd, iii. 3. lo-ra privation of caloric^ iii« 86«^Gommaiucatioti 
of» iii. 89— 'refledled, iii. I16— ^produdtion of, iii. ii84M»piQ^ 
doced by ventilation, iii. ti8—- produced by cvaporatioo, iii* 
1 19-^prodQCed by the application of ice, iii. 1 2a— produced 
by the folntion of falts, iii. id4-*»*prodttced by the expanfion 

< of air, iiL 128. 

Colours* of light, iii. 172, 173. iSo«— compounded* iii. 188««» 

. by infledlion* iii. 20><M)f thin plates, iii. 306-^Newton's 

theory of, iii. 2i2«^produced by various means, iii. 415-** 

prifmatic, marked upon glafs by the force of eleSricity# 

iii. 369. 

Colore, equinodial and folftitial*.iv. 4$. 

Combinations* fimple* of conductors, laws refpc£Ung them, iii. 
474*«-of the firft and fecond order, iii. 47$. . 

Combudible bodies, ii. 537— for common fires* iiL 99. 

Combuliion* ii. 512. 537* 538. , 

F r 2 Comets^ 



INDEX 

Cometa, iL 6. it. 19. 189— their parallax, !▼• tpS^-^kdr tis^ 

cleous, iv. 201 '-dieir beards, comas, hair« or tails, ir. aoi. 
CemiDa» ii. 576. 
Commutation, angle of, iv. 82. 

Compafs, mariner's, iii. 529t-«-different (oris of» iii. 562--M 
. ibft of, defcribed^ iii* 563, 564— asimutb, iii. 56$. 
Compofition of forces; 124, 125. 
Compound magnet, iii.- 549* ' - 

-Compreffibility of iion*elaftic fluids, ii.^i^^-of air, ii. 222. 
Condenfer of ele£lricity, iiL 424. 
Conden&igveflel of a farcing popip» ii. 434^—engine ii, 491, 

492.494. 
Condudtor, prime, iii. 378. 380. 
Condudlors of elcftricity, ii, 519— of heat, Ji. 517. iii.6. 338<^ 

eledbrics, lift of, iii. 341— >for the lightning, iii. 447— combf- 
' . nations of,^and their effe&s, iii. 474«-^perfe6^ and imperfed^ 

iii. 474— in magnetics, iii. 550. 
Congelation, line of, upon mountains, iii. 94^ 
Conjun£ii6n of planets with the, fun, iv. 8o«— of the moan with 

the fun, iv. 123. 
Confotiance, ii. 3J3. 369. - 

Continents, ii. 10. . 

Conflellations, iv^ 36. 207. aio— of the zodiac, iv« 37, 21a 
Con traced vein, iL 182. . 
- ContraAion by cold, iii. 4. 
-Cooling, iiL 3. - 
•Copemican fyllem, iv. 70, 71. 
^^opper, 13, ii. 16. 528. 
- Cornea, iii. 242. 
Coronas, or Halos, ii, 8. iii. 309. 
Corpufcular attradion, ii. 170. 
•Cranes, 232. 261, ii. 427 — bed fort of, ii. 428, 
Cref«ent* iv. At. 
• Crowi 228. , 
Crucibles, 11.-510. 

CryftaUine humour of the pyCf iii. 244. 
Cryftallization, ii, 509. 
Culmination, iv, 23*^ 
Cuppels, ii. 510. 

Cupping glaiTes, aflion of, ii. 462. . 

Cartite 



I N V E Xr 

Cortate diftance^ iv. 82. 

Corves, logarithmic, their principal properties, ii» 233— ufeful 

for illuftraung the various denfities of the atmc^phere «. 

ii. 233J 
Cycle8> XV. 247. 
Cycloid, lyS-^its generating circle, 178— itsbafe, 1^8— itt 

axis, 179— its properties, 179. 
CydoidaUofcillation, 181— pendulum, 182. 
Cytric, radical, 13. ii. 15. . 

1 

p. 

Parknefs, iii. 133. 

Day, natural, ^rti^cial. Sec, iv. 242-<'-civil and agronomical, 

iv. 244. 
Days and nights, their different lengths, iv. 49. 51. 
Declina^oii pf the magnetic needle, iii. 5 1 4. 5 30— >lines of, iiL 5 3 1 

^-chartsof, iii, 531— lift of, iii. 532— hourly, iii. 537— -mean 
^ for each month, iii. 537-— axioms refpeding it,^iii. 538. 
Declination, of celeftialobjeds,iv. 32, 43— >of (he fun, iv.43-»- 

circles of, iv, 44. 
Deflagration, ii. 512. 

Degrees^ qf the thermometer, iii. 17-v-of 9l circle, iv. 6« 
Pepreffions, iv, 14. 

Defcending node, iv. 1 29. , . 

Defcent, of bodies, 283— line of quickeft, ^9$, 
Detonation, ii. 512. 538.^ 
Dew, ii. 413. 
Diacouftics, ii, 309. 
Diamond, the hardeft body known, ii. 148*^ the body of 

gpeate$ reliradive power, iii* i^f^-combuftible, iii. 178. 

Diaphragm, iii. ^86. 

Diflraflion of light, iii. 200. 

Digefter, Papin's, iii. 35. 

Digeftion, in chemiftry, ii. J13. 

Digits of an eclipfe, iv. 254. 

Dilatation by heat, iii. 4. 12. 

Dioptrics, iii. 143. 1 68. , 

Qioptric telefcope, iiL 274. 

pip of the horizon, iv. 287. 

F F 3 Diuping, 
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DippiQgv of the magnet, in. 515— »need)^ iii. J4i« 5S5«<4ifi» 

rioas places, iii. 544. 
Diredtive property' of the magnet, liL 513. 527, 528.. 

Diilblation of metallic fabftancet in adds, ii. 548. 

Difcharge of fluids through different apertoret, iL xS^^-^lmw 

drances to it, ii. 189. 
Difcharger, miiverfal, iii. 588. . 
Difcharging, rod, iii. 388— ele^omeier, iii. 391. 
Pifperfion of Kght, iii. i79**-pangle of, iiL iyi-^bsr diSerent 

media, iii. 173. 175. / 

Plflbnance, ii. 369. 353. 
DiftanCe, of objedis, how judged of, iii* 257» iv»5*7*4>*' 

mean of planets, iv. 82. . 
Piftillation, ii* 501— pneomato-cheoucal, u. 504, 
PiiHn6^ vifion, 248. 2$$— limit of, iii. 2jt. 
Diviiibility, 21.24. 
Piumal, arch, ir. 49— rotation of the earth and planets, iv; yi 

—^motion of the moon from the fan, iv. x 28. 
Dodecatimoria^ iv* 109I 
Dome of a famace, ii. 511. 
JDraco volans» ii. 8. 
Drum, in mechanics, 262. 

Prynefs, of places, iii 41 j<«i^extreme, point of, ii. 419. 
Dry way of performing chemical operations, H. 512. 
Pynamics, 219. 

Earth, a planet, 6^-»dimenfions of,ii. 9. iv. 13-— gravitatteBof» 
54»-decreare of its gravitanon, 6i-^!»diviiion of its furto> 
10 — a great magnet, iii. 546. 555 — its fignre, iv. 11, 

Earthquakes, affedt the magnetic needle, iii. 538. 

Earthen-ware, ii. 532. 

Earths, or earthy fubflances, ii. 528. 

£aft, iv. 24. 

Eaftern hemifphere, iv. 23. 

Ebbing and flowing wells, ii. 430— of the fea, xr. 147, 148. 

Epho, ii. 309. 344. 

Eclipfes of the fun and of the moon, iv. X25, 251. 261— of ^ 

iatellites pf Jupiter, iv, 178. 262. 

Ecliptic, 



I N D E Xi 

' Bdiptici^ W. 3i« 84— ib cMqmkf, iir. 31. 

Eddies* ii. 171. 

£e]« ekdrical# iu.4$6. 

Etfed, 17. 

Elaitic bodies, 91 > 92. loi. 
' BlaftkttXf of flftatallic fubftaiietSi iL i47««iof air, u, tax«-of 
air» not dimioiihed by long continued prefTure^ iL 235* 

Eledtricaly inachine« iii. 337— >atiBerpberes> iiL 353< 359^ 
422— battery, iii. 366— machine and apparatuSf deftribtA 
iii. 378— experiments, iii. 395— machine of Hariem, iiL 38^ 
— >machine» manslgement of, iii. 395--*organs of fifliet, iii. 
451- 

£lcdiic» flui^, la, iL 15, |6. 5 i9^-ttppcarances,iii« 337-«flKx:k» 
ii*« 36a-*-floid, coarfe of, fhtwi% by thie flame of a wax taper, 
iL 418— jar, iii. 5^ — ^vycll, iii. 399^— otmoipheres, iiL 400-^ 
duid, coul'fe of, (hewn by the difcharge of a jar, iiL 417. 
, Eledricity, iii. 331-^excited by fri^ion, iii. 336-r-*alira^oit oft 
iii* 336. 359-— light of, iiL 336. 3 37 «- vitreous and ieilKNii^ 
iu. 344. 347— theory of, iiL 349— 'plus, or pofitive, minut, or 
negative, iii. 349— communicated, ill. 351. 36i^i»its£fied| 
upon animals and vegetables, iii. 357. 367-^tailc and fmeS 
of, iii. 358 — hs pa&ge from one body to another, tii^ ^§f, 
359-«-its a£iion on tha human body, iiL 376«<i>^oda^ii 
of, iii. 4SI— how to afcertaiB the ei^ance of a fiaail ffamadtf 
of it, iii. 4a2— produced by melting and coagslarion, IiL 4291 
^ —produced by heating or coolings iii. 43 1«— produced by ava* 
poration, iii. 434— ^tmofpherical, iii, 436. 44;iL— anioml, SL 
4ji.^produced by the contad of metallic bodies and ocltfi 
condodors, iii. 47a«-its ideudty with Oalvaiiiifli, iii« 508. 

Eledrics, iii. lyi'^f^ fi» iii* 338«»lift of,' iii, 339<-«<diargedA 
iii. 362— coatedy iii. 386. 

Eledrometer, or eledrofcope, iii. 346. 389«*Canton's, iii. 3^ 
-<-quadraut, iii. 39o-«i-atmofpherica], ui, 438— 4x>ttIe,iU. 3f4« 

Elements, 11, 12, iL 14* ' 

Elevations, iv. 14. 

Elongation of the moon, iv, taa. 

Emanation froni a centre, law o^ 62« 

Cndlefs fcfcw* 26 f. . 

Engines, fire, ii. 436-^fcrew for rufing water, iL 43f-^€om« 

poundt 253--eftimation of their powers, 1155. 

F F 4 E^uatioB. 



INDEX. 
Eqoatioiii of the centre^ or pofthaplwrefiSf iv. 85^-<of time, h 

244- 
Equator, of a magnet, iii— jaS, or equnottal, iv. 26. 98. 

Eqaatorial inftrument, iv. 276. 

Equinoddal colore, iv. 46. 

Eqouiozes, or ec^oinodial points, iv. 31. 46r-'Pi«ceCoii of, 

iv. 57. 
Eras, or ^ras, iv. 249, 250. 
Efiay inftrttment, iL 66. " 

Ether, ii. 556. 
Ethics, 2. 
EvaporatioD, ii. 403-^prombted by the wind, by agitatioD, hf 

heat, ii. 404r*qaantity of, how mei^aredy ii. 406— in Lob* 

don, ii. 4o8rr4t Liverpool, ii. •4o8^r4ad8 relative to it, ji 

41 i-«-in chemiftry, ii. jjoi ^produces dodridty , iii. 434. 4^i( 
Evening ilar, iv. 67. 
Eodidmeter, iL 5#8. 

£uphon,li. 323.. . . 

Excentrici^y of the planetary otbita, iv. 82. ' . ^ - 

Excitation, elefiric^, iii. 337. . 

Experimental philofophy, 2. 
Experiments, with the air-pnmp, ii. 476 eafy to illaftrate the 

properties of (enfes^ &c. iii. 235— eleArical, iii. 395. 
Expanfion of air, table of, ii. 273— ^f mercury, table of, ii. 254 

•—by heat, iii. 4. 12— of flttids,iii. 2(S— of aerial flaids, ill 40 

—of folids, iii. 58. 
Expiration, ii. 398, 399. 
Extenfion, 21,-22. 
Eye, iii. 239<«^ercription of^ iii. 24fr-dimenfion8,of, iii. 24;. 

F- 

Falling, bodieS|^ 69— >bo£es, problem relating to, 7i-r%ni 
iii 7. . . . >- 

Fata Morgana, ii. 8, iii. 314. 

Fatuas, ignis, ii. 8. 

Fecnla of vegetables, ii. 553. 

Fermentation, ii. 554— ivinbus orfpirituoaS]* iL 554r-»acetoa8, 

»• SS5— potrid, ii. 555. 
Filaments of roimin^ flaids^ ii. 170. 

Filtering, 
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pUtniiir, papei*) u«'5PO-^-!^one«, veflels, &c. ii. 500, 

Filtration, ii. 499. 

Fincier, for a telefcope, iii. 290. 

Fifh> th^ phofphoric' light, iii. 323^ iv. 492^— eledrical, iil, 
So%. . ■ ^ , 

Fire, iii. 3*p-engineSj, ii. 436— ^pla^es, general rales concerning 
their conftrudion« iii* ) 00. 

Firths, ii. !!• ' 

Fixed, alkali, iL 5^3— ftars, iv. ^9. 206— ftars, their diftancei, 
Bzesy &c. not known, iv. 74-^iiar5, their apparent magni« 
.tudes, iv. 206— 'liars, telefcopic, iv. 207. • 

Flame, ii, 538. 

FjUi(h« of light, produced by Galvanic combln^ion^, iii. jjoo. 

Flat mood, in mafic, ii. 377. 
. Flats, in maiic^ ii. 378. 

Flight of ihots, 341, 350. 

Floating bodies, ii. 114. 

Flowers, of antimony, ii. 529-— of bifmnth, 11.529. 

Flowing of the, fea, iv. 147. 
^Fluid, ii. 2f-^-*ele£tric, iii. 349— -magneuc, iiL 557. 

Fluidity, 16, ii. 139. 

Flaids, ii. 2— >perfedl, u. 22— ^particles of, ii. 25— different, 
their' preiTare againft each other, ii. 42— -non-elaiUc* their 
anions when in motion, ii. 99— 'their compreffibility, ii. 21— 
their motion through holes, pipes, kc. ii. 166— theory of 
their motion, ii. i67'7-their motion in open channels, iL 
170— their motion through aperiprcs, ii. 177 — thpir lateral 
fpommunication of motion, ii. 1.7 8 —permanently elaftic> iL 
^00.518. 

Fluoric, radical, 12, ii. 15— >acid gas, li. 5.21. 

Flux and reflux of the atmofphere, ii. 245. 257. 

Flying, dragon, ii. 8— kite, ii. 8— art of, iv. 

Focal didance, iii. 156— principal of a lens, iii. 228. 

Foci conjugate, ilL 218% 237. 

Focus, of the rays of heat, iiL 106. 109. 1 1 1— of the yays of 
light, iii. 156— virtual, iii. 1 5 4-r principal of a convex reflec- 
tor, iii. i54--of incident rays, and of refleAed rays, iii. 156 
priodpal of a concave refledor, iiL 156 — of a lens, iii. 
f 1 8. 228— -of incident and of refradl^d rays, iiL 2 1 8, virtual, 
ju« i54« »i9— >Qf Itnife^^ how ibimd oik, iiL 928, 230. 236. 
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Fogs» ii. 8. 404«— fofmacion ofy ii. 41 2. 413. 

Force of the wind» how afcertained, ii 4 5 1 • 

Fordngpompt ii«434« 

Formic nidkal, !)» ii. i6. 

Forks toiling, ii. 385. 

Forte jnanoy ii. 354. 

Frankfinitn theory of eledricity* iii. 348. 

Free caloric, iii . . i o. 

Freezing p(nnt» on thermometers, iii. 17. 

¥n£&on,'tyZf 330— wheels, 278— rollers^ 278. 

Frigid zones of the earth, iv. 54. ' 

Frogs, their great (ufceptibility of eledncity, of of Galvamf0, 
HL 462. 464. 49o-«-beft preparation of for Galraniceiperi* 
ments, ill. 467. • 

Fruit, under the receiver of an air-pomp, it 479. 

Fulcrom, 81. 224. . . 

Full moon, iv. iz3. 

Furnaces, ii. 511. 

Fofee, 268. 

G. 

Gages, for the air-pump, ii. 484—^to 489-r*for a (;oiide&fing 
engine, li. 493. 

Galaxy, iv. 214. 

Gales, ii. 8. 

Galilean telefcope, iii. zyg. 

Galvanic, batteries, fee Voluic batteHe»*«<<iric]es, iii. 476. 478 
-"-circles of the iirft order, iii. 479-ipcircles of the ieeond or- 
der, iii. 480. 

Galvanifm, iii. 462-^118 identity with common ekdricity, iii. 
508— probably ufeful in medical cafes, iii. 501. 

Gallic radical, 13, ii. 15. 

Gas, ii. 520-— v^ious fpeciesof, ii. 521-^prodaced by the adioa 
of the Voltaic batteries , iii. 5 6 1 . 

Garoas, ii. 414. 

Geocentric loogitode, iv. 45. 

Geography, ii. ii. 

Geology, ii. 13. 

Georgian planet, ii. 6. iv. i87---its fatellites, iv. i97. 

Gib, 
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Gib, 261. 

Gimbolds, uu {[64. , 

Glafs, ii. 532. 

Globes, terreflrial and ciekfHtl, iv, li4*' 17* St8i-«»4<ftrip(ltm 

and ofeof, iv. 289-«>problems to be perftftted wlthtiMua^ 

iv* 300. 
Glow-worms, iii. 316. 
Gluten, vegetable, ii. 553. 
GlutinpnSy ii. 139. 
Glncine, ii. 532, 533* 
Gold, 15, ii« 16. 5^7* V 
Golden number, iv. 24S. 
Gravimeter, ii. 66* 

Gravitation, 21. 37'^-^f tbe earth, $4«»*<iecrea(e of, 6u 
Gregorian, telefcope, iii. aSi^^^-ftyle, iv. 62. 
Gudgeons, 263. 

Guinea and feather apparatus, £^481. 
Gulfs, iL 10. 

Gum, of vegetables, ii. 552-^refit)s, ii* 553* 
Gun-powder, fired in vacuo, ii. 540^its force attributed Co th« 

expanfion of water, iii, 32. 
Gymnotus eledricus, iii. 451. 456. 

H. ' 

Hadley's fextant, iv. 280. 

Hail, ii^ 8. 404, 405 — generally ele£lrified, iii* 437. ^»^ 

Halos, or Coronas, ii. 8. iii. 309. 

Hard bodies, 91. 

Hardnefs, |6» u. i39-«K>f different fubftanees, ii. 14;, 146. 14^ 

—^f metals and femimetals, ii. 147. 
Harmony, ii. 353. 
Harveft moon, iv. 136. 140.- 
Hearing trumpet, ^*3S^' 
Heat, elementary, iii. 9<^Kfl of the efedsprodoeed by <€ttAa 

degrees of, iii^ 50-<ii»]aient, iii. 67«-*-prodii^n o£i iSL^f. d$. 

97-«<ommunication of through B^ds^ iiL -^^ ^ ^ 

of, iii. i04^*refledion of, iii. 115. 
Heating, iii. 3. io-K)f certain fubfttncei fcoif 
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Hegira» it. 249. 

Hdght of a projefiile't path» 541. 

Heliocentric loo^tude, iv. 45. 

HnBi^phofie» eiicrn and weftern^ it. z$. 

Hesritooeit fi, 372. 376, 

Hepatic gat, iL 531. 

Herfehel't telefcop^ ill 288. 

Heterofcii» iv. S9* 

KlU, H. 10. 

Horary circle of a globe, ir. 298. 

Horizon, fenfible, ir. 19^— rational, iv. ^o«^itt eafiern and 

weftem fidet, iv» 21. 
Horizontal, moon, iii. 258— fun, iv. 144. 
Ifotteft time -of thjB day add |>f the year, iiL 88. 
Hoortdrdes, iv. 44-rof the day how fboad oot^ iv, 289. 
Hoors, iv. 30. 242. 

Horfe, iu power in mechani^ct, 271. 357. 
Hnmid way of performing chemical operations, u. 51^. 
Hooter's moon, iv. 1 36. 140. 
I]arric«[ies, ii, 8. 303— prognpflics of, ii. 304. 
Hyibandry, u. 13. 
Hydranlics, 220, ii. 21. 
•Hydrogen, 12, ii. 15. 520. 546— gas, ii. 520— -gas, its expan- 

fibUity, iii. 40*— gas, combuftipp o£, iii. 83^gas, fulpharated, 

H. 521— gas, carbonated, ii. 522 — gas, phofphorated, il 521 

«-i*gas of marihes, ii. 522. 
Hydrography I ii. ii. 
Hydrodynamics, 220, ii. 21. 

Hydrometer, ii. 66 — recommended in certain cafes, ii. 71. 
Hydroftatical balance and apparatai, ii. 55. 70««-bellows, ii, 

443- \ 

Hydroftaticsy 220, iL 21. 

Hygrology, obfervations in, ii. 422. 

HygrcKneter, or Hygrofcope, ii. 41 2— f principle of, iL 4i8-ii' 

. De Lac's, defcribed, ii. 420r-its mean height, ii. 423— 

lieflte's, ii. 423-rrDe Sauflure's, ii. 429. 

Hygrofcepic bodies, ii. 418.. 
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Jack-a-lantbefOf ii. 8. iii. 328. 

Jar, eledrical, iii. 365. 

Jargonia, or Zirgonia, 13, ii. 16. 530. 53^. 

Ice, ui. 4?-hoafes, iii« 1 22-— how produced in India, iii. is}^ 

jet of fluid, iL 190. 193— uble of the heights of, iL 19$— its 

amplitude, ii. 196. 
Jewelled holes for watch work, &c. 278. 
Ignis fatuus, ii. 8, iii. 328. 
Ignition, ii. S37» 
Illumining power of the differently coloured rays of light, ut« 

Image formed by refraction, iii. 233-— its brightneff, iu. 234. 

Impenetrability, 21. 32. 

Imperfection of the fcaie of muiical founds, 11. 386. 

Impqlfe, 41, oblique, 126. 

Incidei^ce, angle of, in mechanics, I29^n optics, iii«i4l« 

142. 
Incident light, iii. 141. 
Inclination, of the magnetic needle, iii. SIS'— of the planetarjr 

orbits, iv. 82. 
Inclined, planes, defcent of bodies opon, i$4— f kne^ 221. ijg* 
Indidion, ir. 248. 
Inequality, optical, iv. 9. 
Inertia, 2% 35. 45. 
Infinity. 18. 

Inflammable (ubftances fired by eledricity, iii. 371. 
Inflammation, 538. 
Infle€ii(ni of light, iu. 199, 2oo« 
' Infpiration, ii. 398, 399. , 

Inftruments^ aftronomical, iv. 268. 
Infniation, iii. 338. ^ 

Intenfity, diminution of, in emanations, 62. 
Intercalary day» iv. 60. 
Jntermitting fprings, ii. 430. 
Intervals, mufical, u. 375, 37& 
Intonation, ii. 10. ^ 
Jns, hl 242. -,>,'.. 
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Iron, ijy ii. x6, j28-«-crow» ta8. 
Iflaads, ii. lo. 
Ifihfflafes, ii. xo. 

Jupiter* ii- 5- iv« t73* ' ' 

Kbgdoms of nature* ii. I2. 5509 

KJte, fl^iQ^t 8<^eleftric^l, defcrit>ed» iii. 441— de^ricd^UiM 
dedtnced f^om the experiments made with it, iiL 445. 

Ladici or Laccic, rftdicat, xji ii, i6'» 

Lakes, ii. it. 

Lanterns 262 — magict iii.^7^. 

Lapis heradeus, or lapis nauticus* iii. 51$. 

Latent heat, iiL 67. 

Lateral explofion* iii. 414. 

Jtia(itude> iv. 40— «£arall?]s ofi^iv. 4Q«--af cele(Hal.Qbjed94iY.4$ 

•—in what manner is to be afcertained, iv^ 285. 288. 
Lawsyof nature> 8. ij^-of motion, 42. j}"— of ^epl^aetaiy hmh 

tions, iv, 85. 
Lead, 13, ii. 16. 528. 
Leap year, iv. 60. 

Leathers for aSr-pumps, iL 471. 473, 474. . 
Lee- way of a fhip, ii. 108. 
Length, 22. 

Lenfesy iii. 2 16— various forts of, iii. 217— ^entre-% axes« and 
, vertexes pf, iii. 217-^tiieir aberrations or irir^;iiUritieS| iiL 

220, 221— their efFedls, iii. 262«»combinations of, iii. 267. 
Lever, 220.224. 
Levigation, ii. 498. 
Leyden, phial, or experiments, iii. 365— efifefts oG iii. 366^ 

theory of, iii. 373-— experiments with it^ iii. 405 • 
Lib rations, of a fluid in a hent tube* ii. 150— of the moon* iv« 

/«3- »35- '...., 
Ligamentum ciliare, iii. 243. 

Light, 12, ii. 15, 16. 516. iii. t33-^Pefeartes*s theory of,iil 

133 — ^Njswton's theory of, iii. 134— ^luration of its impicffion 

upon our eyes, iii. X35«-motion of, iiL 136. 135^ 140— psrti' 

des 
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clrs of, iis. ijTfvHKMieiitam of, iiu 157-Hrefle^Qii ofriii. 

141. i44«-ipddcat> uL S4i<-«4iifle&ioii ofj iil 142— pencil 

of, ill. 1 42-*- whether aateriaU iii* s^i'^oft by refle^km, 

faow tneafured, ili. 165— white in the (ky, iiu 313— -zodiacal, 

iii« 3 1 3— ele^b-i^al, liL 336—- charaderi^c of the two eledri- 

cities> iii. 346. 
Lightning, ii« 8«-*ai» elefirical phenomenon, iii. 436<*— oondodors 

for it, iii. 447. 
Lignum Qephritlcum , properties of its infufion, iii. 9 1 4* 
Lime, 13, ii. 16. 530. 533— water,ii. 533. 
Limits of the moon's diftance from the ecljptic, iv« 130* 
Line, of fwifted defcent, 195— of dire^pn, 227. 324'^— of afpedj 

iii. 304«— of magnetic declination, iii. 53i«r^of nq declination, 

iii. 53i<— >nHgnetical, iii. 542— -or the equator, iv* 40*— of col- 

limation, iv. 271. 
Lixiviation, 11.500* 
Load-ftone, iii. 512. 
Local heats, iii. 93. 
Logarithmic curves, their principal properties, it 233'«^*ana1o<- 

gous tQ the deniities of the atmofphere, ii. 233— ^tmoipberi- 

cal« ii, 241. 
Long^nde, in geography, iv. 40— -of celeftial objeds, iy, 45^. 

iiow found out, iv. 295, 
Looking glafs, iii. 163. 
Lover £xns of a planet's orbit, iv. 81. 
Lunar rainbow, iii. 308. ' • 

Luqation, iv. 127. 
Lungs, ii. 398. 
Luting of retorts, &c. ii. 502* 

M. 

Machine, 253— Atwood's, a84*-<-ele^cal, iil 378. 381. 384. 
Magic lantern, iii. S72. 
.Magnf)6a, 23, ii. 16. 530. 533. 
Magq^^ Ui..33i— .affeded by eledric fliocks, iii^ 370«-iiat9raI 

and arti^cial, iii. 512, $13. 52Q-^its armature* iii saj-**- 

borfe-lhoe, iii. 523<— its attra^on and diredive power, iii. 

513. 524. 549<^compound, iii. 549. 
Magnetic fluid, 12, ii. 15. 16. 519. iii, 557— properties, liL 512 

«— polarit/i ill 514— -poles^ iii. 514. 527-^mfliidian»^ iii. 514. 

— -necdl^ 
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lie^dte, ill. p4«r*inftrafnent8 of three tofts^ iii. j62^>**experi« 

ments, iii. 567. 5Z9^actra^ion and repulfion, iii. 516^ 5x5-" 
• experiments faid to have been made with an air-bal]oon« 

iv. 353. 
Magnetifrm iii. ^it— coinaiamcated> iii. 545* 547. 555—- of the 

earth, iii. 546— theory of, iiL 555. 
Magnifying power, of lenfes, iii. 265, i66-^of telefcopes afcer^ 

tained» iii. 276.. zSo. 284. 286. 289— of microfcopesi iii. 295, 

296, 297. - 
Magnitude, 22. 

Malic, radical, 13.1!. 16. t 

Man, {lis power in mechanics, 270* 
Manometer, iii. 40, 
Manganefe, 13, ii. 1,5. 53d. 
Map, iv. 14. 

Mariner's compafs, iii. 529. 562, J63, 564. 
Mars, ii. 5, iv. 172. 

Matter^ 10. 1$ — quantity of, in iimple mbtion, 49. 
MaJ^imam of the a£Hon of aHuid, on tfaie fails •f a- wind-mill, of 

the rudder of a (hip, &c. ii. 1 1 1 • 
Mean, arithmetical and geometrical, ii. 23i«»tefflperatiireofa 

country, iii. 86. 
Meafures, ii. 97 — ftandard, iv. 393. 395. 397, jpS-'^Britilh, ir« 

400. 407 — French, iv. 410— of i^arious countries, iv. 417. 
Mechanical, law, 17— powers, 218. 220. 250— -paradox, ii.442. 
Mechanics, 219. 

Medicine, or the medical art, ii. 12. ^ 

Mediums, in optics, iii. 142. 

Melody, ii. 353. ' 

Melting of certain fnbflances produces efedricity, iiL 429. 
Mercury, 13, ii. 16— table of its expanfibility, ii. 254««4ts 

freezing point, iii. 5 3— amalgam of, with other metajs, ibott 

tamilhes, iii. 473— the planet, ii, 5. 528, iv. 170. * 
Meridian, magnetic, iii. 514 — afh-onomical, iv. 23-^ine;how 

drawn, iv. 283— -univerfal or brazen, oF globes, iv. 284. 
Metallic fubftances, ii. 525. 527 — their diiTolution, ii. 548,549 

— fufed by means of electricity, iii. 368, 369. 371. 411,412'- 

their adions upon each other, iii. 473. 

MctaDurgy, ii. 13. 

Meteorology, ii. 7. 

Meteori, 
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Meteors^ ii. 7— fpecies of« ii. 8. iv. 359. 

Metre, French* reduced to £ngli(& meafores, Iv. 13, 398.412* 

Micrometer, iii. 29I'— motheroof-pearl, iii. 292— -value of, how 
afcertained, iii. 293— for microfeopes, iii^ 298. 

Mlcrofcope, ui. 263. 294 — folar or lucernal, iii. 295<-.»iimpIe9 
limits of^ iii. 295— compound, iii. 296— aquatic, reflecting, 
opaque, Wilfon's^and refieding, iii. 298. 

Midday, iv. 24. 

Midnight, iv. 24* 

.Mile, iv. «42. 400. . ^ 

Milky way, iv, 214, 

Mineral kingdom, ii. 12. > 

Mineralogy, 11. 13* . 

Minutes of a degree, iv. 6— of time, iv, 30* 

Mirrour, iii. 141. ' ; 

Mifts, ii. 8« 494, 405. 410. 413. 

Mixture, ii. 512. 

Mobility, 21. 34. 

Mock funs, and mock moons, ii. 8, iii. 31 1. 

Moi ikire of places, ii. 4 1 5 —extreme point of, ii. 4,19. 

Molybdenite, 13, ii, 16. 1^314 • 

Momentum, 46. 49--~of (hots, 341. 358— of the wind^ howaf- 

cettained, ii. 45^1. 
. Mcvi^oons; iL 8. 296. 

Months, civil, agronomical, &c. iv. 246.- 

Moon, ii. 5^ 6.r— mock, ii. 8 — its light affords no fehfible 
heat, iii. 95. 3 u— -horizontal^ iu. 258— its proper move- 
ment, iv. 33— •it^ phaies, its cufps, and its firil quarter, iv, 
33-— foil, and its lail quarter, iv. 34— its phafes, mptions, 
apparent fize, di(bmce, fpots, &c. iv. 1 ii. x 

Moons or fatellites, ii. 5, 6, iv. 72. 

Moral ^hilofophy, L«-4t8 etymology^ a. 

Morgana, fau« iu. 314. 

Morning ftar, iv. 67. 

MorUr, 342. s$4, ii. 553. 

Motion, i5.'4o<->abfolate, 15 J— relative i5,i6«<*K>f bodies in their 
defcent towards the earth, 61-— accelerative, 6ii»*coiii^oand» 
Ii4-^re6dl]iiear, and curvilinear, I3ir— cbeorf 70' 
motion in circular orbits^ i38-*-jadgmefil;!(li 
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Farihdl^ or nock foM. iL'tfafc-jii;'"' i-^^'*''*-'-'-'-^' -"^. 
P«nIIu,ofcoiiiMi,iv. 198— tf fil*lfcTrtfaWft-.». ___ ^ 
IWiM^ of lBiHit»4e> of '«^t ifr^aiii MJ'Tf J^MMt 
tr, tS7-^4f dbe great orbit, ir. loz. 
• T gaJ lJlUli, 174p-Qie length of, when it vibratet fecoodg, ic^.. 
COnpOVBd, m.fii— u^ed as 3 Aatidard of meafiire, iv. 
' 397.^tl ribnUions ia different latitudes, iv. 396. 

. Fdtaahnof MkcHpre, iv. . 25;. 

PamnieBt bodit!* theory of, 91. 

TciuBmi cctttre or, 201— its fituation aTtsrtuned, 107.: 
, Fflrif^, ir. 83. i]i. ^ ; 

'^modt/nr. ^: aj;6^;i&i— jjoUuhirt'^JK^ . :>'..'" .'- 
T«fiilkiJiwM^»tfficfiiiU«, u.Ma...'. V^ . 

PeriJci], IT. 59. ' . ' /'. 

Foripcttre gUft, iii. S78. 

Fefe liqueur, ii. 66. 

Phafes of the mooui iv, iii, tao. 



PhiloTophy, I— iti etymolpg^f z. 
.'Phiiofophical wDolt Q. 529. 
Fhooicit iL 309. 

PboTphorated liydrogcn gu, u, 5>t. 
Phofphoric acid, ii. 523. 
PbofpborefceAibodieii iii. 316. 
Phofphoroi, 12, iL ij. 513. iU. 3i6-»BiUwin's, uL jig .cow 

bullion ol^ iii. 83. ' . ' 

VhotomcteTi u. a99> 

Phyflcs, «. ' V* ... ^ 

Phyfiology, a. ' 
Piano, ii. 334. 
PimoD, 36a. 
Kpet, tuninst ii- sSj-^of ao hrgitt, altered by heat and cold, 

ii.384. 
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Pitch» of founds, ii. 354. 357* 358-^concert» ii. 383-*affefled 

by heat and cold, ii. 384. 
Pits, greateft depth of, ii. ii. ^ 
Pivots, orPevets, 263. 
Place, abfolate or relative^ 14. 
Planets, ii. 5-*their charaders, iv. 35. 19*— (hine byrefleding 

the light of the fun, iv. 66— primary and fecondary, iv. 73-- 

inferior) ir. 79— faperior, iv. 80— their diameters, periods, 

^Cf *c. iv. i6z^ 
Plate, flat glafs, its effed with refped to refradlon, ii. 226. 
^tina, J 3, iL i6. 527«-4ttraded by the magnet in certain 

cafes, iii., 525^ 
piinian period,, iv. 262. 
Plumbago, ii. 531.. 
pluviometer, ii. 419. 
PncumatijPf, if. 'ig94 

PneumatQcbemical diftillation, operations for, ii. 504. 
Point, 23,?— of fttfpepfion^ 1744 
Points, their adlion in eledricity, ui. 35;, 356—- of the compafs, 

iii. ^64, iv. ^it^-p-cardioal pf the J^orizon, iv. 14-^ardina], 

iv. lOf . 
Polar ciircles, iv. jj. 
Polarity, magnetic, iii. $14. 527. 
Pole, 9fe of in tope dancing, 327. 
Poles of the world, iv. 22 — of the horizoQi iv. 23r-rof the earth, 

iv. a6— of a circle, iv. 35;. 
Pompholix, ii. 529. 
Ponderous earth. See Baryt. 
Porter, tafte of, in different veflelsj^iii. 473. 
iPofthapherefis, or equation of the centre, iv. ^J* 
Sota(h, or vegetable al|];al|, 13, ii. 16. 533. 
powers, mechanical, 218— their number, 220. 250->f]noying| 

2^3«-adive, 267. 
Preceflion of thie equinoxes, iv. $7. 107. 
Precipitate and Precipitant, in chemiftry, ii. 540. 
Pceftitap, iii. 249. . 
Preflures, 124;— on the bottoms or fides of refielst cootaining 

^ttids. ii. 33— centre of, ii. 37* , 

o Q 3 ?"»f ^ 
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Primei coniaftor of «n dedttkd mmduae^ vL 378. 3to*-cQQ« 

doAor, pofidve or negttiirek iix. 39^^verQad« hr. 14. " 
Principal or key note* in mofic, H. 374. 376. 
Prifm, iiL 179., 
Projediles» 338— tbeir piths deviate fiom parabokSf 350. m 

— greitcft, 341. 
Promontories, S. ro. 
Properdcs of matterf 2. 4. |0. i4-^geDard» ai^-ptfive nd 

adive, ii. 19* 
Praffic radical, 13, ti. 16. 
Ptolemaic fyften, iv. 69* • ' 
FoUey^ 220— the memUe or fyftem of polliet, ii$$. 
Falverizatkm, ii» 499. 
Pamp, water, ii. 431— «water, eftimate of its p^wcr, iL 433-0 

forcing watery ii. 434«-!-air, defcdbed^ ii. 46$— fliort librf 

of, ii. 4^7. 
Pupil of the eye, iii. 243. 
Potrid fermentation of vegetables, jL 555«*K>f waai iAf 

ftances, H* SS7' 
Pyroligiiie ^i^al, 13, it. 16. . 
Pyrometer, iii. 54, 55, 56, 57. 
Pyro-tartaric radical, 13, ii. 15. 
Pyro-mucic radical* 13, ii. 15. 

Quadrant, aftfonomical, iv. a6^^^mo9tMt^ If, 969^fHniu4 if* 

271— of altitude, iv. 299. 
Quantity of nriatter, 50. 52. 
Quarters, or quadratures, of the moon, iv. ||2, 
QuickfilVer. See Mercury. 

Radius vefior, iv. 83. 

Rachet wheel, 262* 

Radical, ii. 17.. 

Rain, ii. 8. 298. 404. 410— fadb relative to, ii. 41 1, 41 2/413*-' 
4}uaatity of, ii, 413, 414, 415— ^gage, tf. 412. 414. 414- 
generally erearified, iii. 437. 442<-^w^ it 7. Jii. 301. 306 
^r-boijr, lunar, iii. 308— bow# imitation* of^ ixk 309. 

• « ' Range! 
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Ranges of (hots, 341 — method of cfeterinining chem> 342«-<iVe 

as the charges of powder, 354. ^ ■ ', 
Ratios, fuYftmation o^f, 255. 
Rays, of heat, ni. 104— refleftcd, iii. 106. 115— rcfradled, iii, 

X08— of light, iii. 142— of light from a luminous point, iii. 

Receivers for an air-pump, ii. 476/ 

Reciprocating fprings, ii. 430. 

Redudtion, in chemifiry, ii. 549, 

Refledion, of light, iii. 141— angle of, iii. 141— laws of, iii. 

146— ^from a flat furface, iii. 147— from a convex furface, iii. 

149. 1 5 3«-from. a concave furface, iii. 150. 154. 
Refleding telefcope, iii. 274. 
Refiedors, iii. 141 — of various ihapes, iiL 161"— parabolical, 

iii. i62<'«-flat, iii. 163. ' 

Refrading angle of a prifm, iii. 179. , ^ 

Refradton, of light, iii. 141— angle of, iii. i424-of the atmor 

ipher^yiii. i68*»from one medium into another, iii. 169. 191 

«-»of water, glafsj and diamond, iii. 170, i7i«-increafed a. 

little by heat, iii. 174— table of, in different^ mediums, iii. 

17 j-^withouc )iifperdon, iii. 194— -of celeflial bodies, iv. 22& 

•»— of longitude^ of latitude* of right aiccnfion^ and of dedi* 

nation^ iv. 230, 
Refrigeratory, ii. 502. 
Repuliion of eledlrified bbdies, iii, 402. 404. 
Reiinoas electricity, iii. 347. 

R^iins, ii- J53. ' . 

Refoltttion of forces, 124, |2j, 

RefpiratioD, iL 397. 540. ; 

Reft, abfolate and relative, 15. 
Retina, iii, z^^f^ii^etAhle part of» iii. 3 j I, 2{a« 
Retorts, ii. 501, $02'-*»tubulated, ii. 504. 
Rhumbs, iii. 564. iv. 24. 
Ring of Saturn, iv. 182. 
Rivers, ii. 11, 173— permanent (laCe of, and thread of, il. 71 

^-proportional lengths of various, ii. i74«««>ineqaality.of the 

motion of, ii. i73-«ufe of, ii. 177. 
Rigidity, iL 139. 
(^od, difcharging, iii. 388. 

^ . o c 4 RoUell, 
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KoUrrsy zyZ* 330. 

Rope» machint for raifing' water, ii. 439. 

Rotation, diurnal of the earth and other plmfttt iv. 97. 

Rubber for exciung ele&ics, ui. 337. 379* 386. 

Roles of philofopbyiog, 7. , . 1. 

S. 
Sach Ia6Hc radical, 13, iL 16. 
Salts, orTaline fabllances, ii. 534. , 
Sand bath, u. 511. 
Sap of vegetables, ii. 5 $2. 
Satellites, ii. 6, iv. 73— of Ju|Mter, iv. i75-M>f Saturn, vr* 183. 

184— of the Georgiom Sidus, iv. 187. 
Saturation^ in chemiftr/, ii. 513. 
Saturn,!?. 5, iv. 182. 
Scale of muiical founds, ii. 372. 383. 357. 
Scepticifm, g. 
Schirocco, ii. 301. 
Sclerotica^ iii. 242. 
Screw, 221. 248, 249^— threads of, z^g^'^^enpnt for ndfiog 

water, ii. 437. • " - 

Seafons of the year, iv. 50. 
Sea-water, quantity of * fait it contains, iu. 39— 4ts freesdng 

point, /^/V— purified by freezing, i&V, . ' 

Seas, ii. 10. 

Sebacic, radical, 13, ii. i6« 
Secondaries, iv. 39; 
Secondary founds, ii. 391. 
Seconds, of a degree, iv. 6-<p-of time, iv. 30* 
Security, perfonal, in time of a thunder flora, iu. 449; 
Semicircle of poiition, iv. 299. ' * • • •' 

Semidiurnal and femino^lurnal arches, iv. 49. 

Scmimetals, ii. 527. • 

Sextant, Hadley's, iv. 280. 
Sharp mood, in mufic, ii. 377. 
Sharps, in muiic, ii. 378. 
Shock, eleflrical, iii. 362. 407. 414. 
Shooting ftars, ii. 7, iv. 359* 
Shots, drfledlion of, 357. 

Sievcj 



,♦ 
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Siere^ u« 498. ' ^ * 

Siberian red4ead« ii» 531* 

Siderites, iii. 512. 

Sifting, ii. 49^. 

Sight affeded by the application oCinetaI«> iii. 469^ 470. 

Signs of tl^e ecliptic, iv. 3 7-^-onailrous and ftarry» iv. 109. 

Sines of the angles of incidence and refrafUon, iu. 170! 

Silica, 13, ii. 16. $29. 53^. 
^ Silver, 13, ii. 16.527. 

.-Siluras eledtricus, iii. 45 u 459. 
• Size, 22. 

Sky, blue, iv, 16. 

Slip wire, for a. receiver of an air-pump, ii. 48q« 

Smalt, ii. 530. 

Smell produced t>y ele&ricity, iii. 408* 

Smelting, ii. 511. 
, Snow* ii. 8. 404, 405 — generally . clc£lrified, iii. 437. 442. 

Soda, or mineral alkali, or fofiil alkali, 13, ii. i6. 533* 

Soft bodies, 91. 

Softnefs, ii. I39. 

Solknos, ii. 302. 
' Soldering of metals, ii. 133. 
> Solids, ii. 2— floating, ii. 44^n fluids, ii. 39. 

SoUftitial, points, iv. 46^— colore, iv. 46. 

Solation, metallic, ii. 548, 5^9. ' 

Sonoroos body, ii. 319. 

Sounds, Ii. 279. 309«-ftronger in denfe air, ii. 3io-*vari&ty of, 
ii, 310— height of, ii. 311 — ftrength of, ii. 311— quality of, 
ai« 313, 314— high or low, acute or grave, fharp^or flat, ii. 
311-^fimple, ii. 314— velocity of, ii, 329— heard from 
great diftances, ii. 340— tranfmitted through folids, ii. 336 
-^refledtion of, ij. 344— muflcal, ii. 353— fcale of, ii. 372. 
383. *357«^conveyed by the air, ii. 402. 

Soath» pole, iv. 22— point of the horizon, iv. 24. . 

Sonthem lights, ii. 7. 

Space, abfoliite and relative,' 14. 

Spark, eledrical, iii. 336. 355. 366— efFedls produced by it 

^ .upon anim^ &c. iii. 356«-upon vegetable;, iii. 357— rare* 
^-. - • ' . fies 
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fies and difplac^s the air> iii. 419— from a voltaic battery, 

ill. 497* 
Speaking, trumpet^' ii. 3i2-»figare4 ii. 341. v 
Spef^acles proper for different fights^ iii. 249, 350* 
Speeificy gravity, ii. 42. 52«i-graviqr, mles for ctetenmning it^ 

ii. 56—gFavity, table of, ii. 74— -gravity^ ale of, ik ^5^ 

attra^toa, ii. i34<^--calori€» fee^oiW/^^ . 
Spe^rum, prifmatic, iii, iSq-r^^^^^ .nearly fU a tivM 

chord, iii. 183. ' 
Sphere, right, parallel, an^ obliqQt, ir* ^y. 
Spherical, angle, iv. 38---trianglc, iv. 38. 
Spirit of wine, ii. 556. 

Spirits, redified,. ii. 88— ftandard, it, S9-**^prooC» iL 89. 
SpiritQOUs fer^ientation, ii. 954, 
Spots of the moon, iv. il6*-of the f^Bf iv. i6j. 
Spouts, water, ii. 8. 
Spray of water at fea, ii. 158, 
Squinting eyes, iii. 256. * 

Standard meafurc,^^ iv. 393. 397, 398«^eterinin«d« iv. 395. 
Stars, ii. 6, iv. 19 — fixed, zg, iv. 2o6-»faUing» ii. 7— great 

number of^ iv. 213, 214, 2 ij— changes among then> iv/ 

217—- their peculiar moveiue|^ts« iv. ^ 17. 241. 
Stat era romana, 230. 
Statics, 219. 
Stationary Hate of the planets, iv. 84. 

Staves, 264. 

Steatt, ii. 410, iii. 4<—ielaftic, force of, at diff^^rent degiee^of 
temperature, iii. 34. 

Steel, ii. 529 — various power of, for magRCtiriAj i£. 5J3. 

Stcdyard, 230. 

Stenterophonic tube, ii. 3x2 . ' 

Stills, ii. 501. 

Stones faid to have falleft from the (ky, iv.jdp, 372, &c.— tlieir 
mineralpgical dcfcription, iv. 384««^heTr analyfis, iv. 386^ 
hypothefes concerning their origin, iv. 388. ' 

Storms, ii. 8. ' , 

Straits, ii. 11. 

Streams, of water, ii. ii-«of fluids, laws relative to then, 
ii. 190. 

Strings 
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t 

Strings of malical bftraments, lengths of^ il. 37^1 373. 3t)» 
jBtrontian, 13, ii. 16. 529. 532. 
Style, Gregorian, or new, iv. 62* ^ 

Suberic ra<&a}, 13, ii. i6« ' 1 

SoblimstioD, ii« 505^ ' 
Succinic radical, 12, ii. 15. 
Sucker, ii. 401. 
Sacking, ii. 399 — ^pump, 431* 
Surface, 23. 
Sugar, ii, 553. 
Sulpenfion, point of, 174. 
' Sidphnr, 12, ii. 15. 
Stilphorated hydrogen gas, ii. 521. 
Sulpkoric acid, ii. 523. 
Sulphurous acid gas, ii. 521. 
Sun, Ii. 5--<nock, ii. 8 — its diameter, ir. I90«»lts nature, iv, 

x66~dia!, fing univerfal, ir. 2^0. 
Supports, in magnetics, iii. 5$o« 
Syllables, number of, ufually fpokea in a fecond of time» ii, 

347- ^ 
Sylvanite, 13, ii^ 16. $30. 

8y nodical month of the moon, iv. X27« 

Synthefis, ii. 18. 495. 

' Syphon, ii. 427--beft fort of,~ ii. 428. 

$yftem of the worldj or folar, iv, 64«i»v4rious hypothefes con* 

cermng If, iv. ^^. 

T. 

Tallow, its Ufe in reducing friction, 277, 

Tantalus's cup, ii. 429. 

Tair, its ufe for reducing fri^Uon, 279. 

Tarantola fpider, its fuppofed efieds, ii. 393. 

Tafie affeded by the application of metals, iii* 469. 

Tartaric radical, 12, ii. 15. 

Telefcope, dioptric, iii. 274---catadioptric, or refleAing, iii. 

274. 282— aftronomical» iii. 274— aerial, iii. 277— terreftrial, 

|ii. 278— Galilean, iii. 279— «night, iii. 280, iv. 279— Gre* 

gorian, iii. 284 — Caflegrsunisin, iii. 287— -Herfchers, iii. 

$88«*-zenitb| \y. 279. 

Tellurite, 
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Tellfrite, it. 5|o. 

Temperate zones of the c^arth, iv. 55. 

Trmperamenty in mufic, ii. 387. 

Temperature, iii. ,10— mean« of a coiintry, iiL 86. 90— mean, 
of Fari^> iii. 90— mean, of London, iii. 9i-7->mean, of pits, 
wells, &c. iii. 89. 

Tenacity, iL 139. 

Terrella^ iiL 528. 

Tcrreftrialy telefcope, iii. 278— globe, Iv, 14— -atlas, iv. 14. 

Theory, of the motion of fluids, not confonant with experi- 
ments, ii. 166, 167. 170-p-of heat, iii. 3. 8— of magnetiiiD, 
ill, 555— -of chemiftry, ii. 514— of eledtricity, iii. 415— rf 
univerfal at^radion, iv. 87* 

Thermometers, iii. 1 3-^mercarial, iii. 14. .^^rfpirit, iiL 14— 
different, iiL 18, 19. 21— 'for (hewing the higheft degrees of 
t^at and cold thfit have taken place daring the abfence of 
the obferver, iiL 23— for (he higher degrees of heat, iii. 4j 
— A(hard*s, jii. 43 — Wedgwood's, iii. 44. 47— ^extent of 
their principal fcales, iii. 49 — correfpondence of Fahrenheii's 
and Wedgwood's, iii. 50— axioms refpeding their indicv 
tions, iii. 91— • their proper iituation^ iii. 9^* 

Thicknefs, zz, ' ' ' 

Thin plates, colours of, iii. 20$. 

Thunder, iL 8 — ftones or bolts, iv. 383. 

Tides, iv. i47--fpring, iv. 151— neap, iv. ^51. 

Time, abfolute and relative, 16— -in mufic, how denoted, ii 
380*— in fimple motion, 49-*-divi(ion of, iv. 242— -mean, iv. 
^^^•-i^quation of, iv. 244. 

Tin, 13, iL 16. 528-.— glafs, iL 529. 

Titanite, I3, ii. 16. 530. 
, Tones, ii. 356— major and minor, ii. 372* 376— names of,ii. 
372— principal, ii. 374. 376— of a natural voice, ii. 381— 
mufical, notation of, iL 380. 

Tornados, ii. 298. 303. 

Torpedo, iii. 451. 

Torricellian vacuum, ii. 478. 208— tube, ii, 208. 

Torrid zone of the earth, iv. 54, 

Tourmalin, its cjedlric properties, iii. 431* 

Trade 



INDEX. 

> Trade winds> ii. 8. 294. L 

Transferrer, ii. 476. 

Tranfit inftrnment» ir, 273* 

Tranfits> iv. ±51. 265. 

Tranfparent bodies^ iii« 142. 

Traverfing of a magnet> ui. 514. 

Trajcdlory of a celeilial body, iv* 8i, 

Trituration, ii. 498. 

Tropics,, iv. 32. 
. .Trundle, 262. 

Tungften, 13, ii. 26.531. .1 

Tuning forks and pipes» ii* 383, 384. 

Twilight, iv. 232. 

Tychonic fydem, iv. /©• . - 

v.- . ' _ • 

Vacnotn^ 1 8-«torrice}lian, ii. 208. 478. 

Vapoursi ii. 8. 5 1 8— formation of, ii. 412. 417. 

Variation, of the magnetic declination, iii. 531— of the moon, 

• iv. 132. 

Vegetable kingdom, ii. 1 2. . ^ 

Vegetation, ii. 5$!. 

Velocity, 46— of defcending bodies^ 64<-->relative, 1 04. 

Venus, ii. 5— its nature, iv. 171. 

Verdigris, ii. 528. » ' 

Vertical, cides, iv. 23 — prime, iv. 24. ^ 

Via laSea^ iv. 214. 

Vibration, 170— of firings, ii. 315. 318. 373— figures, ii. 324— 
nodes, ii. 325-^longitudinal, ii. 322— -number of, performed 
by mufical firings in one fecond, ii. 360. 362. 364. 

Vibratory motion of the ^r, ufe of, ii. 402. 

Vinegar, ii. 555. 

Virtual focus, ui. 154. 

Vifion, iii. 239-— through lenfes, iii. 262. 

Vis motrix% and Vis 'vi'va, 51. 

Vifual angle, iii. 1 47. 

• Vitreous, humour of the eye, iii. 245 — cleflricity, iii. 347. 
Univerfc, 2. 

Vdcanic eruptions affcft the magnetic needle, iii. 538". 

Volcanos, 
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Vblcaiios, inlttence of, iiL 89— in the mooo^ !▼; 1 18. 

Voltaic batteries, iii. 474. 482. 486*— their powers, liL 494-« 
^ve a weak charge to a commoii Lejd^n phial« vL 497— 
affed the dedrometer, iii. 498— give %aiks, bars cooboffi* 
ble bodies, &c. iiL 497. 499, &c«— their chr»ic»l cfeds* 
Hi/ $01. 503. 

Uranite, 13, ii. 15^ 530* 

W. 

Wa(hing» ii. 498. 

Water, its decompofitioD, ii. 541— its formatioD, ii. ^46^4(1 

boiling pcMBt, iiL 3i» 34» 35*^its expaBfion by cold, iii. 35 

36— freezing, iii. 36, 37, 38<^>imder the leoei^er of an uf* 

pump, ii. 478— •parop, iL 431 , fee pM rn^ *'* w orks at homim 
. bridge, ii. 436— ipoats, iL 8. 14. 305>*«bath, ii. 51^1. 
Waves, their adion, ii. 153. i<55, 156— their breaddi, ii. i^$i 

—-their heights, ii. 157— refleded, ii. 159— <m di£traic 

flcMds, iL 160. 
Weather, glafs, ii. 2o8^n great m^ifore indicated by thebi- 

rdmeter, 11, 209-**indicated in ibme meaiore 67 the moooi 

ii. 218. 
Wedge, 221. 242— 4ts parts, 243. 
Weight, 55. 
Weights, ablblute and relauve, ii. 4a, 43— Britiih, ir. 405— 

French, iv. 410. 413— Amderdam, iv. 419, 
Well eleflrical, iii. 399. 
Weft, iv. 24. ' - ^ 

Wcftern hemifphere, iv. 23. 
WTialebone, expanded by moifliire, ii. 42a 
Wheel, carriages, 330. 332, &c., and axle, 22C5. 231. . 
Wheels, 330, 331— fridion, 278-^thcir moft ufeful .figure in 

certaincafes, 333. 335. 
Whirling table, 301 — experiments to be performed with it, 307. 
Whirlwinds, iL 8. 305. - - "^ 

White of the eye, iii. 242. 
Whifpering galleries, ii. 313. 346. 
Wind, ii. 8. 279-^its various names, velocities, and adlions> ii* 

2877 290*^ics more ufual direction in particular places/ ii* 

894r-efiimates of its force and duraMA, ii. aS^T-tode^it*^* 

294- 
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2p4.-«its d£iion apon founds, ii. 232— -table of its force and 

velocky, ii. 454— its a^ion upon water, oil. Sec. ii. 157. i60| 

161 — gage, ii. 449— pipo# ii. 39?^ 
Winder, or winch, 262. 
Windlafs, 232. 
Will with a wifp, iu >8. 
Wine, ii* 555* ' 

Words, number of, ipoken by certain pcrfons in one hour, Sec; 

ii. 347, 

Y. 

Year, mean folar, iy. 30. 247 — folar and aftral, iv. 56-— dvH, 
iv. 59. 247— Julian, or Biffextile, or Leap, iv, 60— 'Lunar, 
iv. 247 — anomalifUcal, iy. 96. 247. ^ « 

Y«aft, 'lu 555. 

Z. • 

Zenidi, iv. 2a— -tdefcope^ iv. 279. 

Zinc, 13, ii. i^ 525^,.* 

Zirgonia, or Jargooia, 13, ii. 1.5. 530* 

Zodiac, iv. 31. 

Zodiacal light, ii* 8. iii 313. 

Zones of the earth, iv. 54. 

Zpology, ii. 12. 

Zoonic, radical, 13, ii. i6. 
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Luke Tlaofard, Printer, 
Cxeat Tttrnftiie, Lincoln*s-Inn Fleidt. 



ERRATA. 



VOL. I. 
Page 67, line ij irinfiead of triangifiar^ read trtangle* 

V O L. II. - 

Page 5> line 7, from the bottom ; inAead of^» read eight. 

■ 6> line X i after, the Georgian planet, add two more planets, 

Tiz. dres Ferdinaudea, and Pallas^ which have been difcovcred 
iince that flieet was printed. 
— — 6, line 3 ; inftead o£ Jhuen, read nme* 

■ I 9, the dimendons of the earth as given in this page, hare been 

corrected by fubfequent meafureinents and calculations^ for 

which fee vol. iv. page 13. 
— — - 169 line 10 ; inftead of MoUybdetnte read Molybdenite. 
- 29> line i ^ inftead of Une I S, read line I L. 
— - 41 > line 15 ^ inftead of cwk is, read cork O is. 
— — 70, line 15; add, See Jig. 19, of Plate X. 

■ 78, line 12 J Inftead oi Jungftent read TungJIen. 

— — 113, line 25; inftead of Z)i?/fl'^«//^ J, re^d Defaguliers* 
■ 120, line 22, add, ^j/ /«yf^. J 8, P/^/^ XI. 
' 142, line 7 j inftead of cohere, read adhere. 

■ 187, line 3 tVom the bottom ; inftead of Jig. 22, rt?Ld Jig. 26. 
— — 238, at the end of line 9, add, Jig. 11, P/^/^ Xlll. 

VOL. III. 

Page 33, line 4 ; inftead of rarejied, read condenfed. 

9 } inftead of rareja^ion, read condenfation. 
« 95, line 22 ; inftead of hundredy read thoufand. 

■ 266, line 8 j inftead oi foury read ^v^. 
•——■329, line 16 5 inftead of ^^^f^r/, read ^^cf^xri. 

VOL. IV. 

Page 398, line 25 j inftead of andnjobichy read tf«f/ fwhich at ^z* of 

temperature. 
'"'^mm 399, line 13 J inftead of 620, read 32°. 
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